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Abstract 

The most northerly species of Prostanthera (Lamiaceae) occur in the Cook botanical district of far-northern Queensland. 

These include P. albohirta and P. clotteniana, as well as the three new species described here, P. athertoniana, P. mulliganensis 
and P. tozerana. Since all species are inadequately known, an identification key to these species and descriptions are 

provided, as well as illustrations of the three new species. 

Introduction 

The endemic genus Prostanthera Labill. (Lamiaceae) occurs throughout much of Australia, with approximately 
32 formally described species occurring in Queensland and approximately 14 additional species that 
are currently only referred to by informal phrase names. Although the genus occurs throughout much of 
Queensland, it tends to be more common in the southern and eastern parts of the State. Since fewer species, 
particularly those of P. section Prostanthera, occur in the area between Townsville and Rockhampton, in 
the North Kennedy, South Kennedy, Leichhardt, and Port Curtis botanical districts - Anonymous (1975), 
this has been used as the rationale for treating the northern species of the genus separate from the other 
more southern Queensland species. Each of the new species has a restricted distribution, P. athertoniana is 
known from Kahlpahlim Rock (Lamb Range), P. mulliganensis from Mount Mulligan (north of Dimbulah), 
and P. tozerana is only known from Mount Tozer (Kutini-Payamu National Park). The two other species also 
have very restricted distributions, P. clotteniana occurring in the Herberton-Ravenshoe-Atherton area and 
P. albohirta only known from Mt Demi and the Mt Emerald area. All species treated here are confined to the 
Great Dividing Range (in the vicinity of Ravenshoe-Atherton area, south-west of Cairns), at Mt Mulligan, and 
north to Mt Tozer (Cape York Peninsula), occurring in the Cook botanical district (sensu Anonymous 1975). 
Furthermore, these species are only known from relatively few botanical collections. 
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Key to species 

la. Leaves with margin lobed (tooth-like); calyx not enlarging in fruit.2 

lb. Leaves with margin entire; calyx enlarging in fruit.3 

2a. Leaves with margin 1-toothed on each side; lamina obovate, sometimes elliptic or oblong 
.P. athertoniana 

2b. Leaves with margin 2- or 3- (rarely 4) toothed (serrate) on each side; lamina ovate . P. albohirta 

3a. Prophylls 0.3-0.5 mm wide [length to width ratio 8.3-13.8] (branchlets moderately hairy [40-50 
hairs/mm2] and lamina length to width ratio 3-5).P. clotteniana 

3b. Prophylls 0.8-1.2 mm wide [length to width ratio up to 7] (if density of hairs on branchlets is 
moderate, then lamina length to width ratio 1.2-2).4 

4a. Podium 0.5-0.7 mm long; branchlets moderately hairy [35-48 hairs/mm2]; leaf lamina 10-15 mm 
long, 5-8 mm wide [length to width ratio 1.8-2]; prophylls 3.8-4 times as long as wide .... P. tozerana 

4b. Podium 3-3.5 mm long; branchlets densely hairy [80-100 hairs/mm2]; leaf lamina 15-20 mm long, 
3-4 mm wide [length to width ratio 3.5-4]; prophylls 4-5.6 times as long as wide .P. mulliganensis 

Prostanthera albohirta C.T.White, Proceedings of the Royal Society of Queensland 47: 74 (1936). 

Holotype: Queensland: Cook: Summit of Mount Demi, L.J. Brass 2102,6 Feb 1932 (BRI). 

Small shrub, 1-2.5 m high. Branchlets ± terete, densely hairy [80-100 hairs/mm2]; hairs spreading, slightly 
antrorse to almost patent, 0.5-0.6 mm long, straight, white; glands indistinct (covered by hairs), hemispherical, 
subsessile, moderately dense [40-60 glands/mm2]. Leaves dull green, aromatic (A. Ford pers. comm.); petiole 

O. 5-1.5 mm long, densely hairy (as for branchlets); lamina ovate, 6-8.5 mm long, 5-7 mm wide [length to 
width ratio 1.1-1.3, length of maximum width from base to total lamina length ratio 0.3-0.5], moderately 
hairy [20-30 hairs/mm2] (hairs as for branchlets), slightly sparser on adaxial surface; moderately glandular 
[40-50 glands/mm2], readily visible on abaxial surface); base shortly attenuate to almost rounded; margin 
recurved to revolute, with 2 or 3(or 4) lobes on each side (lobes porrect, 0.3-0.8 mm long, rounded); apex 
rounded to broadly obtuse; venation distinct, midrib and secondary veins raised on abaxial surface, sunken on 
adaxial surface. Inflorescence a frondoseracemiformconflorescence, uniflorescence monadic; (2-)4-12-flowered 
[per conflorescence]. Podium 1.5-2.5 mm long, densely hairy and glandular. Prophylls ± persistent, inserted 
c. halfway along podium [a: axis to anthopodium ratio 0.7-1.2], opposite, narrowly elliptic, c. 2 mm long, 
c. 0.3 mm wide [length to width ratio 4-5.6, length of maximum width from base to total lamina length ratio 
c. 1], moderately to densely hairy (hairs as for calyx); base attenuate; margin entire; apex obtuse; venation not 
visible. Calyx whitish green because outer surface densely hairy, with hairs white, spreading to almost patent, 
up to c. 0.3 mm long, moderately to densely glandular; inner surface of tube glabrous; tube c. 3 mm long; 
abaxial lobe very broadly to broadly ovate, c. 2 mm long, 2.5-3 mm wide at base [length to width ratio c. 1], 
apex rounded; adaxial lobe very broadly ovate, c. 3 mm long, c. 5 mm wide at base [length to width ratio c. 1], 
apex rounded [adaxial lobe length to abaxial lobe length ratio c. 1.5]. Corolla c. 10 mm long, lilac to ‘lavender’ 
(Brass 2102), outer surface moderately to densely hairy; abaxial median lobe 3.2-3.5 mm long, c. 3 mm wide, 
apex rounded, irregular; lateral lobes c. 2 mm long, c. 2.5 mm wide, apex rounded; adaxial median lobe-pair 

with a small sinus. Stamens with filaments glabrous; anthers c. 1.7 mm long, base of lobes glabrous, with an 
indistinct acumen, connective appendage [length not known] with a few narrowly triangular trichomes. Pistil 

glabrous. Fruiting calyx at most only slightly enlarged; mericarps not seen. 

Distribution: Until recently, this species was only known by the type collection from the summit area of Mount 
Demi, near Mossman, Queensland, Australia. During the preparation of this manuscript, new populations 
were discovered in the Mount Emerald area, near Tolga, at elevations above 900 m (Ford and Conn 2013). 

Habitat: Little is known about the habitat preferences of this species except that it occurred ‘on an exposed cliff 
face’ (Brass 2102) on Mount Demi, whereas from the Mount Emerald area it occurs as part of a mesic shrub- 
layer, in a dense woodland community or from a small protected gully dominated by Syncarpia glomulifera 

(Sm.) Nied. (Ford and Conn 2013). 

Notes: The affinities of this species are unclear. White (1935) suggested that P. albohirta was closely related to 
P. rugosa from New South Wales. 

Conservation status: Ford and Conn (2013) regard this species as ‘Critically Endangered’ (IUCN 2001). 

Other specimen examined: Queensland: Cook: Mt Emerald, Herberton Range: Ford 2360,4 Apr 2000 (BRI, CNS); Ford 5361, 

18 Aug 2008 (BRI, CNS, NSW); Ford 6174,1 May 2013 (BRI, CNS, MEL, NSW); Holmes 173,24 Mar 2000 (BRI, CNS). 
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Prostanthera athertoniana B.J.Conn & T.C.Wilson sp. nov. Fig. 1 

P. albohirta C.T.White affinis, a qua margine folii utrinque lobato differt. 

Holotype: Queensland: Cook: Dinden National Park: [previously] State Forest Reserve 607, Kahlpahlim Rock, 
A. Ford 1835, 7 Dec 1996 (BRI-AQ536099); iso.: CNS-QRS 111169.1 & 111169.2. 

Small, dense shrub, c. 1 mhigh. Branchlets ± terete, moderately to densely hairy [60-80 hairs/mm2]; hairs antrorse 
to slightly spreading, 0.4-0.6 mm long, straight, white; glands indistinct (covered by hairs), hemispherical, 
subsessile, sparsely glandular [20-30 glands/mm2]. Leaves dull green, paler below, strongly aromatic; petiole 
O. 5-1 mm long, densely hairy (as for branchlets); lamina elliptic, oblong to obovate, (13-) 15-20 mm long, 
(4-)6-8 mm wide [length to width ratio c. 2.5(-3.1), length of maximum width from base to total lamina 
length ratio 0.5-0.6], abaxial surface glabrous except midrib and a few hairs on 1 or 2 secondary veins, and 
sometimes with an occasional hair on surface between veins, midrib moderately hairy, denser towards base 
[up to 30 hairs/mm2] (hairs as for branchlets), sparsely glandular [10-15 glands/mm2], adaxial surface sparsely 
hairy [10-15 glands/mm2]; moderately to densely glandular (glands frequently indistinct); base shortly 
attenuate to obtuse; margin recurved to revolute, with 1 lobe (tooth-like) on each side (lobes ± porrect to 45° 
from the central axis, 0.8-1.5 mm long, obtuse); apex broadly obtuse; venation mostly indistinct, midrib raised 
on abaxial surface, slightly sunken on adaxial surface. Inflorescence a frondose racemiform conflorescence, 
uniflorescence monadic; 2-4-flowered [per conflorescence]. Podium 3-4.5 mm long, densely hairy (hairs 
antrorse to distinctly spreading) and glandular. Prophylls ± persistent, distinctly foliose, shortly petiolate, 
obovate, 2.4-3 mm long, 1-1.2 mm wide [length to width ratio 2.4-3, length of maximum width from base to 

total lamina length ratio c. 0.6], hairy on midrib and margin (hairs as for leaves); base attenuate; margin entire; 
apex obtuse; venation not visible. Calyx green and purple (Ford 1835), outer surface densely hairy, especially 
on tube, abaxial surface and margin of both lobes, with hairs white, ± spreading to slightly antrorse, up to 
c. 1 mm long, moderately to densely glandular; inner surface of tube glabrous, with lobes hairy distally and 
on margin; tube c. 2.5 mm long; abaxial lobe broadly ovate, c. 5 mm long, c. 4 mm wide at base [length to 
width ratio 1-1.3], apex rounded; adaxial lobe broadly ovate, 3-3.5 mm long, 4.5-5 mm wide at base [length 
to width ratio c. 0.6], apex rounded [adaxial lobe length to abaxial lobe length ratio c. 1]. Corolla 10-12 mm 
long, purplish mauve (Ford 1835), outer surface moderately to densely hairy; abaxial median lobe c. 5 mm long, 
c. 5 mm wide, apex rounded, slightly irregular; lateral lobes 5.5-6 mm long, 4-5 mm wide, apex rounded; 
adaxial median lobe-pair 3-3.5 mm long, 8.2-8.5 mm wide, with lobes overlapping and sinus c. 1.5 mm long. 
Stamens with filaments glabrous; anthers c. 1.7 mm long, base of lobes glabrous, with an indistinct acumen, 
connective appendage up to 0.2 mm long, with a few narrowly triangular trichomes. Pistil glabrous. Fruiting 
calyx not enlarged, mericarps not known. 

Distribution: This species is only known by the type collection from Kahlpahlim Rock, in the Dinden National 

Park, Queensland, Australia. Fig. 5 

Habitat: It is recorded as occurring in windswept heath (Ford 1835), at elevations of c. 1000 m. 

Etymology: the specific epithet ‘athertoniana refers to the collection of the type material from the Atherton 
region of north Queensland. 

Notes: The affinities of this species are unclear. 

Conservation status: Not known; however, since it is only known from a single collection from one known 

population, we regard this species as being vulnerable, and possibly endangered. 

Prostanthera clotteniana (F.M.Bailey) A.R.Bean, Austrobaileya 5: 733 (2000) Fig. 2 

Basionym: Hemigenia clotteniana F.M.Bailey, Queensland Agricultural Journal 15: 190 (1904). 

Holotype: Herberton,/. Stirlings.n., [1 Jul 1904] (BRI-AQ340346). 

P. atroviolacea F.M.Bailey, Queensland Agricultural Journal 16: 190 (1905). 

Holotype: Queensland: Cook: Herberton, R.C. Ringrose s.n., Jul. 1905 (BRI). 

Prostanthera sp. Dinden (P.7.Forster 17342) sensu Bean and Forster (2007) 

Shrub c. 1.5 m high. Branchlets ± terete, moderately hairy [40-50 hairs/mm2]; hairs appressed, antrorse, 
(0.2-)0.6-0.9 mm long, straight, white; glands indistinct (covered by hairs), hemispherical, subsessile. 
Leaves dull green, sometimes with purple tinge, not aromatic or only faintly so; petiole 2.5-5.5 mm long; 
lamina narrowly elliptic to narrowly obovate, (14-) 19-20 mm long, 3-6 mm wide [length to width ratio 
3-5, length of maximum width from base to total lamina length ratio 0.5-0.8], sparsely to moderately hairy 
[5-35 hairs/ mm2] (slightly sparser on adaxial surface), hairs 0.2-0.5 mm long, antrorse, moderately glandular; 
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Figure 1. Prostanthera athertoniana. a, habit, showing leaf arrangement on branchlet; b, habit, showing flowering branchlet 

with flowers and developing fruits; c, distal view of flower, showing corolla lobes, corolla throat, staminal filaments 

and position of anther locules; d, flower (lateral view) showing prophylls, calyx and corolla; e, open corolla showing 

androecium and gynoecium; f, stamens (ventral and dorsal view) showing staminal filament, locules, and connective; 

g, leaf lamina showing abaxial surface; h, leaf lamina showing adaxial surface; i, leaf lamina abaxial surface detail (A. Ford 

1835). Scale bar: a = 7.5 cm; b = 3 cm; c = 4 cm; d, e = 0.75 cm; f = 0.24 cm; g, h = 1.5 cm; i = 0.5 cm. 
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base gradually long-tapering; margin entire; apex obtuse to shortly acuminate; venation indistinct, midrib 
indistinct. Inflorescence a frondose racemiform conflorescence, uniflorescence monadic; 2—4(—6)-flowered [per 
conflorescence]. Podium 2-4 mm long, densely hairy and glandular. Prophylls persistent, inserted near base of 
calyx [a axis to anthopodium ratio 2-6], opposite, narrowly obovate, 3-5.5 mm long, 0.3-0.5 mm wide [length 
to width ratio 8.3—10(—13.8), length of maximum width from base to total lamina length ratio 3—4(—5.5)], 
moderately to sparsely hairy (hairs as for leaf lamina), moderately to densely glandular; base attenuate; margin 
entire; apex apiculate; venation not visible. Calyx dull green, sometimes with maroon on adaxial lobe; outer 
surface sparsely to moderately hairy, becoming dense towards base, with hairs white, antrorse, moderately to 
densely glandular; inner surface of tube glabrous at base, hairy near and at mouth, lobes sparsely to moderately 
hairy; tube (2.9-)3-4.2 mm long; abaxial lobe broadly ovate, (2.1-)2.5-3 mm long, (2.1-)2.4-3.5(-3.7) 
mm wide at base [length to width ratio c. 0.9-1.1], apex rounded or obtuse; adaxial lobe ovate, appearing 
rhombic when distal margin concave, (3-)4.4-5.7(-7.2) mm long, (2.2-)4-5.4 mm wide at base [length to 

width ratio (0.8-) 1-1.5(-2.2)], apex rounded [adaxial lobe length to abaxial lobe length ratio (1-) 1.5-2.9]. 

Figure 2. Prostanthera clotteniana. Flowering branchlet of plant growing in the Ravenshoe State Forest (A. Ford 5982 & 

Collins). Photo: A. Ford. 
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Corolla (11—) 15—17.7 mm long, purple to pale lilac; outer surface sparsely hairy on tube [(6-) 13-30 hairs/ 
mm2], more densely hairy on lobes [38-64 hairs/mm2], hairs 0.2-0.3 mm long, ± spreading to appressed; 

inner surface glabrous in tube, becoming sparsely hairy distally, sparsely to moderately hairy on lobes; tube 
8.2- 12.2 mm long; abaxial median lobe broadly spathulate, (3.2-)6.3-8 mm long, (3-)4.2-5.5 mm wide [length 
to width ratio (1.1-) 1.5-1.7], apex slightly irregular and rounded, bilobed (sinus 0.5-0.8 mm long, c. 1.5-1.7 mm 
wide distally); lateral lobes oblong to slightly ovate, (2.8-)3.2-4.8 mm long, (2-)2.6-3.3 mm wide [length to width 
ratio 1.1—1.6(—2.3)], apex rounded to obtuse, slightly irregular; adaxial median lobe-pair very broadly oblong 
to very broadly ovate, (1.6-)2.4-4.5 mm long, 2.8-3.6(-4.4) mm wide [length to width ratio (0.4-)0.7-1.3], 
apex of each lobe rounded, irregular, bilobed, sinus (0.4-)0.6-1.1 mm long, median margin of lobes 
overlapping). Stamens with abaxial filaments inserted (5.1-)6.1-9.1 mm above base of corolla; filaments white, 
(2.6-)3.5-5.1 mm long; anthers purple-blue, 0.7-1.3 mm long, base of lobes glabrous, with an indistinct 
acumen, connective appendage (0.3-)0.5-0.6 mm long, with one large, pointed triangular trichome up to 
0.3 mm long and 1 or 2 shorter trichomes. Disc c. 0.7 mm long. Pistil c. 10.5 mm long; ovary cylindrical 
obovoid, 0.9-1 mm long, diam. at base c. 0.6 mm, lobes c. 0.1 mm long; style 8.5-8.8 mm long; stigma lobes 
(0.3-)0.5-0.8 mm long (± equal in length). Fruiting calyx enlarged, with adaxial lobe (7.5-) 10-12.1 mm 
long, 8.2-10.2 mm wide; abaxial lobe 5-5.5 mm long, 4.9-6.1 mm wide. Mericarps 1.8-2.4 mm long, distally 
0.8-1 mm extended beyond base of style, distal diam. 1.1-1.2 mm; seeds obloid to obovoid, 0.9-1.1 mm long, 
O. 8-0.9 mm diam. 

Distribution: Known from the Atherton Tablelands, from near Atherton, Dinden, Herberton and Ravenshoe, 

Queensland, Australia. Fig. 5 

Habitat: This species is recorded as growing in granite or shallow clay rhyolite-derived soils, on cliff faces, 
rocky outcrops and stony hills amongst stunted Eucalyptus woodland. Altitude 700-800 m. 

Notes: This species is morphologically similar to both P. mulliganensis and P. tozerana. Prostanthera clotteniana 
and P. tozerana both have branches that are moderately hairy (40-50 hairs/mm2 and 35-48 hairs/mm2, 

respectively), but the leaves of P. clotteniana are (14-) 19-20 mm long and 3-6 mm wide, whereas those of 
P. tozerana are mostly shorter (10-15 mm long) and slightly wider (5-8 mm wide). Prostanthera mulliganensis 

has branches that are densely hairy (80-100 hairs/mm2, with hairs usually shorter (0.2-0.5 mm long cf. 
(0.2-)0.6-0.9 mm long in P. clotteniana). 

Conservation status: This species is listed as “Critically Endangered” (EPBC Act Listing) and as “Endangered” 
(Nature Conservation Act 1992 (Queensland): May 2014 list; as cited by Department of the Environment 
(2012). There are only four locations known, each of relatively small populations. 

Other specimen examined: Queensland: Cook: Ravenshoe State Forest: Ford 5642, 18 Dec 2009 (BRI, CNS); NNW of 

Bally Knob, Ford 5982 & Collins, 6 Feb 2012, (BRI, CNS, NSW); Bald Rock area, West of Ravenshoe, A. Ford 5642, 18 Dec 

2009 (BRI, CNS); M. Lockyer s.n., Dec 1974 (BRI); K.R. McDonald 2970 &A.R. Bean, 23 Jul 2004 (BRI); Ravenshoe State 

Forest: K.R. McDonald 8,22,32, A.J. Dennis, D. House & E. Hamilton-Shaw, 26 Apr 1999 (BRI); K.R. McDonald 2937,2938, 

19 lul 2004 (BRI); 6 km W of Ravenshoe, S.L. Thomson 1989 & G.W. Wilson, 12 May 1999 (BRI); boundary of Mt Baldy 

State Forest, K.R. McDonald 2956, 22 lul 2004 (BRI); 12 km W of Atherton, G. Sankowsky 1580 & N. Sankowsky, 22 lun 

2004 (BRI); tributary of Oakey Creek, off Lemongrass Drive, A. Ford 5485, 25 Feb 2009 (BRI); Dinden, P.I. Forster 17342, 

S.J. Figg & R.L. Jago, 17 lul 1995. 

Prostanthera mulliganensis B.J.Conn & T.C.Wilson, sp. nov. Fig. 3 

P. lithospermoidoide F.Muell. affinis, a qua pilis valde appressis, lobis calycis inaequalibus differt. 

Holotype: Queensland: Cook: Mount Mulligan summit, c. 40 km NW of Dimbulah,/.R. Clarkson 5838,16 Apr 
1985 (NSW797163); isotypes: CANB, DNA, K, L, MEL, MO, PERTH, QRS. 

Small shrub, 1-1.5 m high. Branchlets ± terete, densely hairy [80-100 hairs/mm2]; hairs appressed, antrorse, 
0.2-0.5 mm long, straight, white; glands indistinct (covered by hairs), hemispherical, subsessile, moderately 
dense [60-80 glands/mm2]. Leaves dull green, presumably not aromatic or only faintly so; petiole 4-5 mm long; 
lamina oblong to slightly obovate, 15-20 mm long, 3-4 mm wide [length to width ratio 3.5-5, length of maximum 

width from base to total lamina length ratio 0.6-0.7], sparsely to moderately hairy [15-40 hairs/mm2] (slightly 
sparser on adaxial surface), hairs 0.1-0.4 mm long, antrorse, moderately glandular; base attenuate; margin 
entire; apex obtuse; venation indistinct, midrib slightly raised on abaxial surface. Inflorescence a frondose 
racemiform conflorescence, uniflorescence monadic; 2-4(-6)-flowered [per conflorescence]. Podium 3-3.5 mm 
long, densely hairy and glandular. Prophylls ± persistent, inserted near base of calyx [a: axis to anthopodium ratio 
3.3- 7.5], opposite, narrowly obovate, 4-4.5 mm long, 0.8-1.2 mm wide [length to width ratio 4-5.6, length of 
maximum width from base to total lamina length ratio 0.8-0.9], moderately to sparsely hairy (hairs as for leaf 
lamina), moderately to densely glandular; base attenuate; margin entire; apex obtuse; venation not visible. Calyx 
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t. 

Figure 3. Prostanthera mulliganensis. a, habit, showing flowering branchlet with flowers and developing fruits; b, leaf, 

abaxial surface showing antrorse hairs; c, detail of apex of leaf, mostly showing adaxial surface; d, prophylls and base 

of calyx; e, lateral view of flower showing prophylls, calyx, corolla and partial view of stamens; f, stamens showing 

ventral (left) and dorsal view of anther locules, connective appendages, and staminal filaments (J.R. Clarkson 5838). 

Scale bar: a = 5 cm; b, e = 1.2 cm; c, d, f = 0.3 cm; g = 0.4 cm. 
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green; outer surface densely hairy, with hairs white, antrorse, moderately to densely glandular; inner surface of 
tube glabrous at base, hairy near and at mouth, lobes moderately to densely hairy; tube 3-3.5 mm long; abaxial 
lobe very broadly to broadly ovate, 2.5-3 mm long, 2.5-3 mm wide at base [length to width ratio c. 1], apex 
rounded; adaxiallobevery broadly ovate, 6-7 mmlong, 6.5-7 mmwideatbase [length to width ratio 1-1.1],apex 
rounded [adaxial lobe length to abaxial lobe length ratio 2.3-2.4]. Corolla 12-15 mm long, mauve, with purple 
to dark mauve striations and markings on the abaxial median lobe and adaxial median lobe-pair; outer surface 
glabrous basally, distally sparsely to moderately hairy on tube [up to c. 40 hairs/mm2] ,more densely hairy on lobes 
[60-70 hairs/mm2], hairs 0.1-0.3 mm long, ± spreading to appressed; inner surface glabrous in tube, sparsely 
to moderately hairy on lobes and in sinuses between lobes; tube 8.5-10 mm long; abaxial median lobe 
broadly spathulate, 6-7.3 mm long, 4-4.5 mm wide [length to width ratio 1.5-1.6], apex slightly irregular 
and rounded, bilobed (sinus 0.8-1 mm long, c. 2 mm wide distally); lateral lobes oblong to slightly elliptic, 
4.5- 4.6 mm long, 2-2.7 mm wide [length to width ratio 1.8-2.3], apex rounded to slightly retuse, slightly 
irregular; adaxial median lobe-pair very broadly oblong to very broadly ovate, 4-5.2 mm long, 4.5-6 mm wide 

[length to width ratio 0.8-1], apex rounded, irregular, bilobed (sinus 0.3-0.4 mm long, 0.6-0.8 mm wide, 
median margin of lobes not touching or overlapping). Stamens inserted 4-4.5 mm above base of corolla; 
filaments white, (2.5-)3-4.7 mm long; anthers dark mauve, 1-1.5 mm long, base of lobes glabrous, sometimes 
with an indistinct acumen, connective appendage 0.3-0.7 mm long, with a few narrowly triangular trichomes 
O. 1-0.2 mm long. Disc 0.3-0.4 mm long. Pistil 12-13 mm long; ovary cylindrical obovoid, 0.5-0.8 mm long, 

diam. at base 0.5-0.8 mm, lobes 0.2-0.3 mm long; style 11-12.5 mm long; stigma lobes 0.4-0.6 mm long 
(± equal in length). Fruiting calyx enlarged (adaxial lobe 11-12 mm long, 9.5-10 mm wide). Mericarps 
1.5- 2 mm long, distally 0.8-1 mm extended beyond base of style, distal diam. 1.8-2 mm; seeds ellipsoid- 
cylindrical, c. 1 mm long, c. 0.5 mm diam. 

Distribution: Only known from the summit area of Mount Mulligan, NW of Dimbulah, Queensland, 

Australia. Fig. 5 

Habitat: This species is recorded as occurring in sandstone-derived soils (Clarkson 5838) and in a fissure in the 
sheer rock face (Clarkson 5241). Altitude c. 700 m. 

Etymology: The specific epithet refers to its occurrence on Mount Mulligan. 

Notes: Prostanthera mulliganensis is morphologically similar to P. lithospermoides F.Muell as well as P. clotteniana 
and P. tozerana (see notes on P. clotteniana above). However, it is readily distinguished from P. lithospermoides 
because the secondary veins of the leaf lamina are indistinct (cf. the secondary veins of abaxial lamina surface 
are raised and visible in P. lithospermoides); indumentum antrorse and strongly appressed (although hairs are 
also antrorse in P. lithospermoides, they are ascending, not closely appressed, held at angle of c. 45° to axis or 
leaf surface); leaves 15-20 mm long, 3-4 mm wide (P. lithospermoides: 40-50 mm long, 5-10 mm wide); calyx 
lobes unequal in length (P. lithospermoides: calyx lobes equal). 

Conservation status: This species is only known from the summit area of Mount Mulligan. Although its 
conservation status is unknown, it should be considered as potentially vulnerable until additional information 
is available. 

Other specimen examined: Queensland: Cook: Mount Mulligan, c. 2 km S of mine site along pipe line leading to falls on 

Richards Creek, 10 Apr 1984,/.P. Clarkson 5241 (NSW). 

Prostanthera tozerana B.J.Conn & T.C.Wilson, sp. nov. Fig. 4 

P. lithospermoidoide F.Muell. similis, a qua foliis obovatis, lobi calycis inaequalibus differt. 

Holotype: Queensland: Cook: Mount Tozer summit, B.G. Briggs 7351, 22 Aug 1983, (NSW451498); isotype: 
BRI. 

Prostanthera sp. Mt Tozer (L.J. Brass 19478) sensu Bean and Forster (2007) 

Compact shrub, 0.2-1.5 m high. Branchlets terete, moderately hairy [35-48 hairs/mm2]; hairs appressed, 
antrorse, 0.2-0.7 mm long, straight, white; glands indistinct (covered by hairs), hemispherical, subsessile, 
moderately dense [30-40 glands/mm2]. Leaves thick and slightly fleshy, dull green, presumably not 
aromatic; petiole 2-3 mm long; lamina obovate, 10-15 mm long, 5-8 mm wide [length to width ratio 
1.8-2, length of maximum width from base to total lamina length ratio 0.6-0.7], sparsely to moderately hairy 

[8-17 hairs/ mm2] (usually denser on midrib of abaxial surface, slightly sparser on adaxial surface), hairs 
0.3-0.5 mm long, antrorse, moderately glandular; base attenuate; margin entire; apex obtuse; venation indistinct, 
midrib slightly raised on abaxial surface. Inflorescence a frondose racemiform conflorescence, uniflorescence 
monadic; 4-8-flowered [per conflorescence]. Podium 0.5-0.7 mm long, densely hairy and glandular. Prophylls 
± persistent, inserted near base of calyx [a: axis to anthopodium ratio c. 2.8], opposite, narrowly elliptic, 
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Figure 4. Prostanthera tozerana. a, habit, showing flowering branchlet with flowers and developing fruits; b, detail of 

prophyll; c, lateral view of flower showing prophylls, calyx, corolla, partial view of stamens, style and stigma; d, stamens 

showing oblique dorsal view of anther locules, anther appendages and staminal filaments (adaxial stamen - left; abaxial 

stamen - right); e, leaf, abaxial surface showing antrorse hairs (B.G. Briggs 7351). Scale bar: a = 5 cm; b = 0.3 cm; c, e = 1 

cm; d = 0.2 cm. 
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4-4.5 mm long, 1-1.2 mm wide [length to width ratio 3.8-4, length of maximum width from base to total lamina 

length ratio c. 1 ], moderately to sparsely hairy (hairs as for leaf lamina), moderately to densely glandular; base 
attenuate; margin entire; apex obtuse; venation not visible. Calyx greenish purple (Briggs 7351); outer surface 
densely hairy basally, moderately to sparsely hairy distally, with hairs white, antrorse, moderately to densely 
glandular; inner surface of tube glabrous, lobes moderately to densely hairy; tube 2-2.5 mm long; abaxial 
lobe very broadly to broadly ovate (to almost circular), 6.4-7 mm long, 5.5-6.5 mm wide at base [length to 
width ratio 1.1-1.2], apex rounded; adaxial lobe very broadly ovate, 4.3-4.5 mm long, 4-4.2 mm wide at base 
[length to width ratio 1-1.1], apex rounded [adaxial lobe length to abaxial lobe length ratio 1.5-1.7]. Corolla 
12-15 mm long, pale purplish mauve; outer surface glabrous basally, distally sparsely to moderately hairy 
[up to c. 40 hairs/mm2], hairs 0.1-0.3 mm long, ± spreading to appressed; inner surface sparsely hairy in 
throat and on base of lobes; tube 8.5-9 mm long; abaxial median lobe broadly spathulate, 6.5-7.4 mm long, 
5.5-6.2 mm wide [length to width ratio 1.1-1.2], apex slightly irregular and rounded, bilobed 

(sinus 1.8-2 mm long, c. 2 mm wide distally); lateral lobes oblong to slightly elliptic, 6-7 mm long, 2.8-3.4 mm 
wide [length to width ratio 2-2.1], apex rounded to slightly retuse, slightly irregular; adaxial median lobe-pair 
very broadly oblong to very broadly ovate, 6-6.5 mm long, 6.2-6.5 mm wide [length to width ratio 0.9-1 ], apex 
rounded, irregular, bilobed (sinus c. 2 mm long, median margin of lobes slightly touching or overlapping). 

Stamens inserted 4-4.5 mm above base of corolla; filaments 2.5-3 mm long; anthers 1-1.2 mm long, base 

Figure 5. Distribution map of Prostanthera albohirta, P. athertoniana, P. clotteniana, P. mulliganensis and P. tozerana 

in far-northern Queensland, Australia, occurring in Northern Cape York Peninsula, Cook botanical district (in part); 

insert map (upper right) detail showing distribution of species of Prostanthera in the Cairns-Dimbulah region. 

P. athertoniana = black; P. clotteniana = blue; P. mulliganensis = red; P. tozerana - orange. 
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of lobes glabrous or with a few narrowly triangular trichomes (up to 0.1 mm long), connective appendage 
O. 6-0.7 mm long, with a few narrowly triangular trichomes 0.1-0.2 mm long. Disc 0.4-0.5 mm long. Pistil 
9.5-10.4 mm long; ovary cylindrical obovoid, 0.2-0.4 mm long, diam. at base 0.5-0.8 mm, lobes 0.2-0.4 mm 

long; style 9-9.5 mm long; stigma lobes 0.3-0.5 mm long (± equal in length). Fruiting calyx enlarged. Mericarps 
1.8-2 mm long, distally 0.9-1 mm extended beyond base of style, distal diam. 1.8-2 mm; seeds ellipsoid- 
cylindrical, c. 1 mm long, c. 0.5 mm diam. 

Distribution: Only known from the summit of Mount Tozer, Tozer Range, Kutini-Payamu (Iron Range) 

National Park, Queensland, Australia. Fig. 5 

Habitat: This species is recorded as occurring in shallow rocky soils in exposed situations (Brass 19478), and 
amongst boulders (Briggs 7351). Altitude c. 500 m. 

Etymology: The specific epithet refers to its occurrence on Mount Tozer. 

Notes: Prostanthera tozerana is the most northerly species known for the genus, possibly the most isolated 
species, being c. 700 km north of the next nearest known species, P. mulliganensis. Attempts by both authors to 
recollect this species have been unsuccessful. 

This species is characterized by being moderately to densely hairy and hairs mostly appressed; leaves obovate, 
10-15 mm long, 5-8 mm wide; inflorescences that are leafy and racemiform; flowers with corolla pale purplish 
mauve and anthers with a connective appendage; fruiting calyx enlarged to about twice the size of the flowering 
calyx. Prostanthera tozerana is morphologically similar to P. lithospermoides F.Muell as well as P. clotteniana and 
P. mulliganensis (see notes on P. clotteniana above). 

Conservation status: Although this species occurs in the Kutini-Payamu (Iron Range) National Park, the full 
extent of its distribution is unknown. Currently, it appears to have a very restricted distribution and so should, 
at least, be considered as vulnerable. 

Other specimens examined: Queensland: Cook: Kutini-Payamu National Park: Summit of Mount Tozer, Tozer Range, 

L.J. Brass 19478, 7 Jul 1948 (A, CANB, K); E. Volck 2427, Sep 1962 (BRI); Mount Tozer, Iron Range, E. VolckAFO 3265, 

Aug 1966 (CNS). 
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Abstract 

Aidia gyropetala A.J.Ford & Halford is described, illustrated and diagnosed against the two other species in Australia, 

Aidia cowleyi and A. racemosa. Notes on habitat, distribution and conservation status are provided. A key to the species of 

Aidia in Australia is presented. 

Introduction 

Aidia Lour. (Rubiaceae, Gardenieae) is a genus of about 55 shrub, tree and vine species (Govaerts et al. 2014) 
which are distributed throughout Malesia, the western Pacific, the palaeotropics and Africa (Puttock 2001). 
In Australia Aidia has been represented by two tree species, the endemic species A. cowleyi Puttock and 
A. racemosa (Cav.) Tirveng. which is very widespread and variable. 

Puttock and Quinn (1999) in their assessment of genera within Gardenieae placed emphasis on ovary, carpel, 
fruit and seed characters, whilst Dawson and Gereau (2010) provide a set of distinguishing features for Aidia 
that together are unique within the Gardenieae. These features include morphology of: stipules, hermaphroditic 
flower-mery, corolla lobe aestivation, number of ovary locules and a “distinctive inflorescence arrangement”. 
This arrangement is described as, “inflorescences are congested to laxly cymose and borne on one side of the 
stem at or just above every second or third node in a pseudoaxillary or supraaxillary position”. Dawson and 

Gereau (2010) also introduce the use of the term pollen presenter’ rather than stigmatic lobes. 

Recently, a number of specimens collected from a very geographically restricted area near Mt Lewis in north¬ 
east Queensland have been recognized as belonging to a new species of Rubiaceae. As this new species matches 
the majority of critical features discussed above by Dawson and Gereau (2010) for inclusion into Aidia we 
describe this species below as A. gyropetala A.J.Ford & Halford. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Materials and Methods 

The study is based upon the examination of herbarium material from BRI and CNS (previously QRS) with 
field observations by the first author. All specimens cited have been seen by one or both authors. Measurements 
of the floral parts and fruits of Aidia gyropetala are based on fresh specimens or material preserved in 70% 
ethanol. Common abbreviations in the specimen citations are: LA (Logging Area), SFR (State Forest Reserve), 
R (Reserve) and EP (Experimental Plot). 

Taxonomic Treatment 

Aidia gyropetala A.J.Ford & Fialford, sp. nov. 

Distinguished from A. racemosa by the tertiary venation being very inconspicuous (versus conspicuous in 
A. racemosa), flower sexuality (unisexual versus bisexual), hypanthium length (2.9-3.9 mm versus 1-2 mm), 
corolla lobe length: width ratio (1-1.2 versus 1.6-2.6), corolla lobe habit (erect versus reflexed) and filament 
length (absent versus 2-3 mm). 

Type: Queensland: Cook District: Mt Lewis National Park, [W of Mossman] adjacent to CSIRO EP/18, A. Ford 
6085 & W. Cooper, 26 Sep 2012 (holotype: BRI, isotypes: A, CANB, CNS, HO, K, L, MEL, MO, NSW, SING, Z) 

Aidia sp. (Mt Lewis) (Cooper 2004: 433) 

Illustrations: Cooper (2004: 433), as Aidia sp. (Mt Lewis). 

Subcanopy or canopy tree to 19 m high, with stem diameter up to 19 cm (dbh), glabrous, dioecious; bark 
closely roughened, with numerous narrow horizontal corrugations; wood pale yellow-cream, darkening 
markedly upon exposure, outer blaze with a conspicuous thin layer with longitudinal stripes and speckles. 
Branchlets ± terete and longitudinally striated when dry; bark on old twigs pale and with corky appearance, 
leafy twigs glabrous, flattened slightly at nodes. Leaves opposite, petiolate; stipules interpetiolar, sheathing, 
green when fresh, 2.1-3 mm long, triangular, glabrous, deciduous after first or second node and therefore rarely 
fragmenting as node thickens; colleters present; petioles 4.5-7 mm long; lamina discolorous, leathery and thin, 
elliptic, 7-12.5 cm long, 2.4-4.7 cm wide; adaxial surface dark green; abaxial surface much paler than adaxial 
surface; midvein raised on both surfaces, more obvious on abaxial surface, venation brochidodromus with 
6-8 lateral veins per side of the midvein; lateral veins raised on abaxial surface and flush to slightly depressed 
on adaxial surface (in both fresh and dried material); secondary venation sparse and more obvious towards 
margin; tertiary venation not discernible; base cuneate; margins entire; apex acuminate; pocket domatia with 
hairs around orifice present on all leaves at the midvein-lateral vein junction, usually near the middle of the 
blade (rare to absent at proximal and distal ends). Inflorescence an axillary, (rarely ramiflorus) paniculate 
monochasium, 1.6-2.2 cm long, composed of 6-36 flowers, produced only in one axil of a leaf pair and then 

at every second node, with subulate subtending scale-like leaf or much-reduced leaf and opposing full-sized 
leaf, distance between flowering and non-flowering nodes 2.5-3.2 cm; primary peduncle 1.5-5 mm long, 

secondary and later peduncles (sensu Puttock 2001) 2-6 mm long, glabrous, stout; bracts connate, triangular 
1- 1.2 mm long, apex acuminate with white appressed hairs, rarely extending down to margin, glabrescent; 
persistent or nearly so. Flowers 5-merous, functionally unisexual although appearing bisexual; pedicel 
2- 2.5 mm long, glabrous, terete. Hypanthium green, 2.9-3.9 mm long, 2 mm across, glabrous, conical to 
urceolate. Calyx tube 0.8-1.6 mm long, glabrous on both surfaces, margin truncate with or without scattered 
hyaline hairs; calyx lobes minute but conspicuous, triangular, c.0.2 mm long, with an apical tuff of short white 
hairs. Corolla imbricate, deciduous, ± funnel-shaped, white at anthesis becoming dull creamish yellow with 
age, erect (not spreading or reflexed, sensu Ridsdale 1996); tube 3-4.5 mm long, c. 1.9 mm across the throat, 
glabrous on abaxial surface, bearded adaxially below throat at insertion of stamens, glabrous proximally; 
hairs white; corolla lobes ± erect, ovate, 3.5-4.2 mm long, 3.4-3.7 mm wide, glabrous. Male flowers: stamens 
included; anthers sessile, inserted at the sinuses of the corolla lobes, dorsifixed, not versatile, adnate in lower 
half of anther, c. 4.5 mm long, glabrous, apiculate, dehiscing laterally through longitudinal slits. Ovary 2-celled; 
summit pubescent; ovulodes present in the rudimentary ovary. Style with non-functional pollen presenter, 
c. 6 mm long, glabrous, caducous. Female flowers: staminodes included; anthers sessile, inserted at the sinuses 
of the corolla lobes, c. 4 mm long, apiculate, sterile. Style c. 4 mm long, deciduous, striated, glabrous; pollen 
presenter c. 2.6 mm long and c. 0.8 mm wide, anther-like with stigmatic surfaces lateral. Ovary 2-celled, 
18-24 ovules per locule which are embedded in the placenta. Fruit a drupe, ellipsoidal to obovoidal, shiny, 
glabrous, 11—13(—15) mm long and 7—9(—11) mm diameter, orange when ripe, fruiting pedicels slender 
4.1-6 mm long, crowned by persistent calyx tube 0.8-1.6 mm long (which scarcely or doesn’t hide the ovary 
apex); pericarp firm and leathery; mesocarp fleshy, containing 25-40 seeds which are stacked horizontally 

amongst the placenta. Seed triangular, brown, c. 3 mm long, c. 1.3 mm wide, c. 0.8 mm thick; testa corneous; 
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Fig. 1 . Aidia gyropetala. a, flowering branchlet with male flowers, b, flowering branchlet with female flowers, c, fruiting 

branchlet with immature fruit, showing subulate subtending scale-like leaf and pocket domatia on full-sized leaf, 

d, habitat, habit and bark of largest known tree (with Mireia Torello-Raventos). 
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endosperm corneous, white; embryo c. 1.1 mm long, straight; radicle longer than but narrower than cotyledons. 
Specific wood density 810 kg/m3. Seedlings unknown. Fig 1. 

Distribution: Endemic to the Wet Tropics bioregion (Department of the Environment 2012) in north-eastern 
Queensland, Australia, where it is currently only known from the Carbine Tableland (Mt Lewis area), west of 
Mossman. Fig. 2. 

Phenology: Flowers reported in September and ripe fruits reported in February. 

Habitat: This species is recorded from the mountainous slopes and high rainfall areas of Mt Lewis in notophyll 
vine-forests/rainforests on soils derived from granite. Common canopy species include: Acmena resa, Balanops 
australiana, Elaeocarpus elliffii, Garcinia zichii, Niemeyera sp. (Mt Lewis), Planchonella euphlebia, Sphalmium 
racemosum, Stenocarpus davallioides and Syzygium wesa. Common small trees and shrubs include: Apodytes 
brachystylis, Chionanthus axillaris, Linospadix apetiolata, Oraniopsis appendiculata, Pittosporum rubiginosum, 
Polyosma rigidiuscula, Polyscias purpurea, Psychotria spp., Steganthera macooraia and Wilkiea angustifolia. 
Altitudinal range from 1000-1100 m. 

Etymology: The epithet gyropetala, from the Greek gyros (circle or round), and petalon (leaf, thin plate) hence 
petal, in reference to the relative roundness of the corolla lobes of this species. 

Affinities: Morphologically Aidia gyropetala would appear to be most closely related to A. racemosa. A 
comparison of diagnostic differences between the three Aidia species occurring in Australia is provided in 
Table 1. 

Notes: The flowers of Aidia gyropetala are recorded as being slightly perfumed. The corolla changes colour 
from white, once the corolla lobes have fully expanded, to a dull creamish yellow following anthesis. This 
feature is also recorded in many other Rubiaceae genera which occur in north Queensland rainforests, such 
as Cyclophyllum, Gardenia, Larsenaikia, Morinda and Tarenna. The only previously recorded instance of such 
a colour change in Aidia is noted by Ridsdale (1996) who indicates that for the Borneo vine species A. paiei 
Ridsdale the corolla is “said to be white turning yellow”. Recent discussions have also revealed the same colour 
change occurring in the widespread A. densiflora (Wall.) Massam. (Yee Wen Low, pers. com., 2014). 

Although flowers of Aidia gyropetala appear to be functionally bisexual, they are from the first authors 
observations functionally unisexual with individual plants having exclusively either male or female flowers. 
Twelve trees were seen in flower at the type locality, but only one of these trees produced fruit. All flowers 

Table 1. Morphological comparison between Aidia cowleyi, A. racemosa and A. gyropetala. Measurements for A. cowleyi 
and A. racemosa mostly taken from Puttock (2001). 

A. cowleyi A. racemosa A. gyropetala 

Tree sexuality monoecious monoecious dioecious 

Flower sexuality bisexual bisexual unisexual 

Stipule margin ciliate usually ciliate eciliate 

Tertiary venation very inconspicuous conspicuous very inconspicuous 

Hypanthium length (mm) 1-2 1-2 2.9-3.9 

Calyx tube length (mm) 1.5-2 1-2 0.8-1.6 

Calyx lobe apex glabrous tufts of hair tufts of hair 

Corolla tube length (mm) 1.5-2 4-6 3-4.5 

Corolla lobe habit reflexed reflexed erect 

Corolla lobe length (mm) 5-6 5-8 3.5-4.2 

Corolla lobe width (mm) 2.5-3 2-3 3.4-3.7 

Corolla lobe length: width ratio 1.6-2.3 1.6-2.6 1.0-1.2 

Filament length (mm) c. 1 2-3 absent 

Style + pollen presenter length (mm) 6-7 10-17 c. 6.6 

Pollen presenter length (mm) 4.5-5 5-8 c. 2.6 

Fruit shape globose ellipsoidal/obovoidal ellipsoidal/obovoidal 

Altitudinal range (m) sea-level to 700 sea-level to 550 1000-1100 
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examined from the fruiting tree are functionally female, with the anthers being full-sized but sterile (pollen 
absent). Conversely, only functionally male flowers were observed on the non-fruiting trees. The male flowers 
have a well developed style and pollen presenter and an ovary which appears to possess ovules within a placental 
mass. However, the style is caducous and the ‘ovules’ are much reduced compared to the functionally female 
flowers. These observations of male flowers with ovules and female flowers with anthers are also recorded for 
species within Atractocarpus (Puttock 1999). Furthermore, there are more flowers per inflorescence in male 
trees than in female trees. It appears as though Aidia gyropetala is dioecious. Previously, Aida is recorded as 
being monoecious, polygamodioecious and andromonoecious (Puttock 2001). Such variation in reproductive 
strategy within a genus has been reported in the allied Atractocarpus (Puttock 1999), so it is not extraordinary 
in the Gardenieae. 

The erect corolla lobes of Aidia gyropetala are an uncommon character state in Aidia. Ridsdale (1996) reports 
that of all the shrub and tree species of Aidia in Malesia and South-East Asia only one species, A. congesta 
(Schltr. & K.Krause) Ridsdale from New Caledonia, has corolla lobes that are “apparently not reflexed”. 
All other shrub and tree species have corolla lobes which are strongly reflexed, including A. cowleyi and 
A. racemosa. If all taxa of Aidia are considered in Ridsdale (1996), there are 28 with reflexed corolla lobes 
(17 tree species and 11 vine species), five with erect/not reflexed corolla lobes (one tree and four species of 
vines) and 16 with no assignment of corolla lobe habit. 

145 145 146 146 

Conservation Status: All existing collections of Aidia gyropetala have been made from a single population 
within the Mt Lewis National Park, west of Mossman which is part of the World Heritage Area of the Wet Tropics 
bioregion (Department of the Environment 
2012). The species’ known geographical range 
is very narrow with an extent of occurrence 

estimated to be less than 4 km2 and an area of 
occupancy estimated to be less than 1 km2. The 
size of the single population is not known, but 
an optimistic estimate of less than 300 mature 
individuals is not considered extravagant. The 
restricted distribution of the species makes it 
prone to stochastic events which may reduce the 
population or eliminate it. This species requires 
an accurate survey to determine the geographical 
range and gain a better understanding of the 

population size and structure. Currently there are 
no substantiated threatening processes; however, 
processes that may present a potential threat to 
this species are genetic inbreeding depression as 

a result of the small population size and global 
warming which may reduce the ecological fitness 
of the species. We would recommend A. gyropetala 
being listed as “Vulnerable” under the IUCN 
(2012) as it fulfills the criteria under categories 
VU, D1 and D2. 

Other specimens examined: Queensland: Cook 

(Anonymous 1975): Mt Lewis National Park, adjacent 

to CSIRO EP/18, Ford 5834, 18 Apr 2011 (BRI, CNS, 

L, MEL, MO, NSW, Z); loc. cit., Ford 6085 & Cooper, 

26 Sep 2012 (BRI, CNS); loc. cit., Ford 6105 & Cooper, 

21 Dec 2012 (BRI, CANB, CNS, L, MEL, MO, NSW, 

NY, SING); loc. cit., 14 km from the gate, Ford 6267 

& Cooper, 13 Sep 2013 (BRI, CNS); SFR 143, Parish 

of Riflemead, North Mary LA, Gray 4565, 21 Aug 

1987 (CNS); Mt Lewis National Park, a little west of 

CSIRO EP/18, Ford 6081, 6 Sep 2012 (BRI, CNS); Mt 

Lewis next to CSIRO plot, Jensen 1235, 14 Feb 2002 

(CNS); Exp. E/P 18 North Mary LA, R. 143 Mt Lewis, 

Sanderson 427, 17 Sep 1973 (CNS); Mt Lewis National 

Park, CSIRO EP/18, 14 km from the gate, Ford 6268 & 

Cooper, 13 Sep 2013 (BRI, CNS); loc. cit., Ford 6293 & 

Torello-Raventos, 31 Jan 2014 (BRI, CNS, L). 

Fig. 2. Distribution of Aidia gyropetala (★) in north-east 

Queensland. Shaded areas represent the Wet Tropics World 

Heritage Area within the Wet Tropics Bioregion. 
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Key to the species of Aidia in Australia 

la. Hypanthium 2.9-3.9 mm long; staminal filaments absent; corolla lobe 
length to width ratio 1-1.2.A. gyropetala 

lb. Hypanthium 1-2 mm long; staminal filaments present; corolla lobe length to width ratio 1.6-2.6 .... 2 

2a. Calyx lobe apex glabrous; corolla tube 1.5-2 mm long; fruit globose-spherical.A. cowleyi 

2b. Calyx lobe apex with hairy tuffs; corolla tube 4-6 mm long; fruit ellipsoidal/obovoidal.... A. racemosa 
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Abstract 

The first account of the lichen genus Pertusaria (Pertusariaceae) on the island of Rarotonga (Cook Islands) is given. 

A total of 8 taxa are recorded, of which 5 are new to science viz: Pertusaria atroguttata, P. homilocarpa, P. megacarpa, 

P. rarotongensis and P. rarotongensis var. stictica. A key to the species is provided. 

Introduction 

The Cook Islands are located between Tonga and the islands of French Polynesia in the South Pacific Ocean 
and consist of a group of 15 islands formed into a widely scattered northern group and a more compact 
southern group with a total land area of 237 square kilometres. The island of Rarotonga is in the southern 
group, at 21°12,-21°15,S, 159°44'-159°50'W, and with an area of 67.4 square kilometres is the largest of the 
islands. An introduction to the geology, landforms, vegetation and lichenological history of the island has been 
provided by McCarthy (2000). The climate is warm, humid tropical with an average humidity of 80-85%, an 
average annual rainfall of 2200 mm and with a winter temperature range of 20-26°C, rising to 24-30°C in the 
summer months. 

This paper forms the fourth recent contribution on the lichens of Rarotonga following accounts of the 
pyrenocarpous lichens (McCarthy 2000), the Parmeliaceae (Louwhoff and Elix 2000) and Ramalina (Blanchon 
and de Lange 2011). The lichen genus Pertusaria has not previously been reported from the Cook Islands (Elix 
and McCarthy 1998). 

Materials and methods 

Specimens were collected on the island of Rarotonga in June 1998 and later examined using Olympus VMT 
and Olympus BHA microscopes. The chemistry of the species was studied by thin layer chromatography (Elix 
2014) and comparison with authentic samples. Photographs of the specimens were taken with a Cannon EOS 
camera fitted with a Cannon MP 65mm f 2.8, l-5x lens, at a magnification of x4. 

© 2015 Royal Botanic Gardens and Domain Trust 
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New species 

Pertusaria atroguttata A.W.Archer & Elix, sp. nov. Fig. 1 

MB 810572 

Diagnosis: Similar to Pertusaria alboatra Zahlbr. but differs in lacking thiophaninic acid and in having three 
ascospores per ascus. 

Type: Cook Islands, Rarotonga: mouth of Avana Stream, 21°14'S, 159°43'W, alt. 1 m, on Hibiscus in strand 
vegetation, J.A.Elix 42992, 9 Jun 1998; holotype: CANB. 

Thallus off-white, epiphloedal, surface tuberculate, slightly cracked, subnitid, soredia and isidia absent; 
apothecia verruciform, conspicuous, concolorous with the thallus, hemispherical, sunken above, constricted 
at the base, 0.8-1.5 mm diam. ostioles black, conspicuous, 0.2-0.25 mm diam., 2-4 per verruca; ascospores 3 
per ascus, ellipsoid, inner spore wall smooth, 90-120 pm long, 32-40 pm wide. 

Chemistry: 2'-0-methylperlatolic acid (major), 2'-0-methylstenosporic acid (minor), planaic acid (minor), 
methyl 2'-0-methylperlatolate (minor) and methyl planaiate (minor). 

Etymology: from the Latin atro, black and guttatus, spotted from gutta, a drop, or spot, a reference to the 
conspicuous black ostioles. 

Substrate and ecology: It grows on the bark of Hibiscus in strand vegetation. 

Discussion: Pertusaria atroguttata is characterised by the conspicuous black ostioles on white apothecia and 
the presence of 2'-0-methylperlatolic acid as a major lichen compound. This compound distinguishes the new 
species from the somewhat similar P. alboatra Zahlbr. (Zahlbruckner 1941) which only contains thiophaninic 

acid. Pertusaria atroguttata also resembles P. melaleucoid.es Mull. Arg. (Muller 1884) from New Zealand, 
as this species also has conspicuous black ostioles [cf. Fig. 1 in Archer 1991, as P. atropunctata] but lacks 
lichen compounds. The recently described Pertusaria parasommerfeltii Q.Ren from China (Ren 2014) also 
resembles P. atroguttata [cf. Fig. 2 in Ren 2014] but that species has eight ascospores per ascus and contains 
4,5-dichlorolichexanthone in addition to 2'-0-methylperlatolic acid. 

At present this new species is only known from the type specimen. 

Fig-1 . Pertusaria atroguttata, holotype. Scale: 1 mm 
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Pertusaria homilocarpa A.W.Archer & Elix, sp. nov. Fig. 2 

MB 810573 

Diagnosis: Similar to Pertusaria pertusella Mull. Arg. but with apothecial verrucae which are constricted at the 
base, and with smaller ascospores and darker ostioles. 

Type: Cook Islands, Rarotonga: mouth of Avana Stream, 21°14'S, 159°43'W, alt. 1 m, on Hibiscus in strand 
vegetation, J.A.Elix 43007, 9 Jun 1998; holotype: CANB. 

Thallus pale greenish white, epiphloedal, surface smooth to subtuberculate, subnitid, slightly cracked, soredia 
and isidia absent; apothecia verruciform, concolourous with the thallus, numerous, crowded, sometimes 
confluent, flattened hemispherical, constricted at the base, 0.7-0.9 mm diam., confluent verrucae to 1.2 mm 
diam.; ostioles black, punctiform, 1-4 per verruca; ascsospores 2 per ascus, fusiform-ellipsoid, inner spore wall 
smooth, 90-110 pm long, 28-32 pm wide. 

Chemistry: 2,5-dichlorolichexanthone (minor), 2,4-dichlorolichexanthone (trace), 2,4,5-trichlorolichexanthone 
(minor), stictic acid (major), constictic acid (minor) and cryptostictic acid (trace). 

Etymology: From the Greek, homilos, a crowd or throng, and carpus, fruit, a reference to the crowded apothecia. 

Substrate and ecology: It grows on the bark of Hibiscus in strand vegetation. 

Discussion: Pertusaria homilocarpa is characterised by asci with two ascospores and the presence of 
2,5-dichlorolichexanthone, 2,4-dichlorolichexanthone, 2,4,5-trichloro-lichexanthone and stictic acid. 
This combination of characters is also present in P. pertusella Mull. Arg. (Muller 1884; Archer 1997) and 
P. nigrescens Srivastava & Awasthi (Awasthi & Srivastava 1993), but in these two species the apothecial verrucae 
are not constricted at the base as is P. homilocarpa. The ostioles in P. homilocarpa are black and punctiform in 
contrast to the ostioles present in P. pertusella which are pale to dark brown and these two species are further 
differentiated by the size of the ascospores, 90-110 pm long in P. homilocarpa and 100-140(-160) pm long in 
P. pertusella. 

At present this new species is only known from the type specimen. 

Fig 2 . Pertusaria homilocarpa, holotype. Scale: 1 mm 
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Pertusaria megacarpa A.W.Archer & Elix, sp. nov. Fig. 3 

MB 810574 

Diagnosis: similar to Pertusaria parnassia Vain, but lacking lichexanthone and stictic acid. 

Type: Cook Islands, Rarotonga: mouth of Avana Stream, 21°14'S, 159°43'W, alt. 1 m, on Hibiscus in strand 
vegetation, J.A.Elix 42998, 9 Jun 1998; holotype: CANB. 

Thallus pale olive green,surface subtuberculate, subnitid, rarely cracked, margin entire and not zoned; 
soralia and isidia absent. Apothecia verruciform, conspicuous, scattered or sometimes confluent, flattened 
hemispherical, concolourous with the thallus, 1-1.8 mm diam. Ostioles conspicuous, pale, translucent, one per 
verruca, sunken, 0.2-0.3 mm diam. Ascospores 8 per ascus, 2-seriate, initially ellipsoid, becoming fusiform- 
ellipsoid, inner spore wall rough, 120-150 pm long, 34-42 pm wide. 

Chemistry: no lichen substances detected. 

Etymology: from the Greek mega, large and carpus, fruit, a reference to the large apothecia. 

Substrate and ecology: It grows on the bark of Hibiscus in strand vegetation. 

Comments: The new species is characterised by the large apothecia, the eight rough-walled ascospores per 
ascus and the absence of lichen compounds. This latter feature distinguishes the new species from P. parnassia 
Vain., described from Guadoloupe (Vainio 1899), as this contains lichexanthone and stictic acid and has eight 
ascospores with rough inner walls. In addition the ostioles in P. parnassia are black and punctiform, quite 

distinct from the large translucent ostioles present in P. megacarpa. 

Pertusaria species with eight rough-walled ascospores are rare and only two other such species are known viz: 
P. anomalospora A.W.Archer, Elix & Streimann (Archer et. al. 1995), described from Papua New Guinea and 

which contains isomeric dichlorolichexanthones and has ascospores 105-135 pm long, and P. lambinonii A.W. 
Archer, Elix, Eb. Fisch. Killmann & Serus. (Archer et al. 2009), described from Central Africa, which contains 
lichexanthone, planaic acid, 2’-0-methylperlatolic acid and protocetraric acid, and has ascospores 80-125 pm 
long. 

Additional specimen examined: Cook Islands, Rarotonga: mouth of Avana Stream, 21°14'S, 159°43'W, alt. 1 m, on Hibiscus 

in strand vegetation, J-A.Elix 42985, 9 lun 1998; (CANB). 

Fig. 3 . Pertusaria megacarpa, holotype. Scale: 1 mm 
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Pertusaria rarotongensis A.W.Archer & Elix, sp. nov. Fig. 4 

MB 810575 

Diagnosis: similar to Pertusaria bogia A.W.Archer & Elix but differs in lacking stictic acid and in having 
ascospores with a rough inner wall. 

Type: Cook Islands, Rarotonga: mouth of Avana Stream, 21°14'S, 159°43'W, alt. 1 m, on Hibiscus in strand 
vegetation, J.A.Elix 42986, 9 Jun 1998; holotype: CANB. 

Thallus pale olive green, epiphloedal, margin entire and not zoned; surface subtuberculate, slightly cracked, 
subnitid, soredia and isidia absent; apothecia verruciform, concolourous with the thallus, hemispherical 
0.4-0.5 mm diam., the majority becoming confluent to form irregular, flattened apothecia, approximately 
2-3.5 mm long and 1-2 mm wide; ostioles black, punctiform, 1 per verruca but up to 18 in confluent verrucae. 
Ascospores 3 (or 4) per ascus, ellipsoid, the inner spore wall slightly roughened, 74-100 pm long and 34-40 pm 
wide. 

Chemistry: 4,5-dichlorolichexanthone (minor), 2'-0-methylconfluentic acid (major) and confluentic acid 
(trace). 

Etymology: from Rarotonga and ensis, place of origin. 

Substrate and ecology: It grows on the bark of Hibiscus in strand vegetation. 

Comments: Pertusaria rarotongensis is characterised by the multi-ostiolate, flattened apothecia and the 
presence of 2-O-methylconfluentic acid and is similar to P. bogia A.W.Archer & Elix described from Papua 
New Guinea (Archer & Elix 1998). However, the new species is differentiated from P. bogia by the absence of 
stictic acid (present in P. bogia) and the rough walled ascospores (smooth walled in P. bogia). 

Table 1. Comparisons of Pertusaria bogia, P. rarotongensis var. rarotongensis and P. rarotongensis var. stictica. 
Legend: - = absent; + = present 

Taxon spore length (pm) inner spore wall stictic acid 

P. bogia 

R rarotongensis var. rarotongensis 

P. rarotongensis var. stictica 

85-125 

74-100 

105-130 

smooth 

rough 

rough + 

Fig. 4. Pertusaria rarotongensis, holotype. Scale: 1 mm 
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2'-0-Methylconfluentic acid is an uncommon lichen compound in Pertusaria and is presently known from 
only five taxa. Two species containing 2'-0-methylconfluentic acid are known from North America, the 
corticolous, two-spored P. saximontana Wetmore and the saxicolous, four-spored P. arizonica Dibben (Dibben 
1980). In addition there is the isidiate, sterile P. georgeana var. occidentalis Elix & A.W.Archer from Western 
Australia (Archer & Elix 2009) and P. bogia A.W.Archer & Elix, from Papua New Guinea but these two species 
are morphologically distinct from P. rarotongensis. A similar taxon, but with additional stictic acid is described 
as Pertusaria rarotongensis var. stictica below; the differences between P. bogia, P. rarotongensis var. rarotongensis 
and P. rarotongensis var. stictica are shown in Table 1. 

At present this new species is only known from the type specimen. 

Pertusaria rarotongensis var. stictica A.W.Archer & Elix, var. nov. Fig. 5 

MB 810576 

Diagnosis: similar to Pertusaria rarotongensis (vide supra) but containing additional stictic acid. 

Type: Cook Islands, Rarotonga, Taputarangi Track, 21°12'S, 159°48'W, alt. 100 m, on fallen tree in relatively 
open tropical forest, J.A.Elix 42748, 6 Junl998; holotype: CANB. 

Thallus pale olive green, epiphloedal, margin entire and not zoned; surface smooth, slightly cracked, subnitid, 
soredia and isidia absent; apothecia verruciform, concolourous with the thallus, hemispherical, constricted 
at the base, often confluent; individual apothecia 0.6-1.0 mm diam. but confluent apothecia flattened, 
2.5-4 mm long and 1-2 mm wide; ostioles black, punctiform surrounded by a pale grey, translucent zone, 1 or 
2 in individual verruca but 7-18 in confluent verrucae. Ascospores narrow ellipsoid, inner spore wall rough, 
3(or 4) per ascus, 105-130 mm long, 30-43 mm wide. 

Chemistry: 4,5-dichlorolichexanthone (minor), stictic acid (major), constictic acid (minor), cryptostictic acid 
(trace) and 2'-0-methylconfluentic acid (major) 

Etymology: Like P. rarotongensis but containing additional stictic acid. 

Substrate and ecology: on the bark of a fallen tree in relatively open tropical forest. 

Comments: The new variety resembles P. rarotongensis but contains additional stictic acid. At present this new 
species is only known from the type specimen. 

Fig. 5 Pertusaria rarotongensis var. stictica. Scale: 1 mm 
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New Reports 

Pertusaria commutata Miill.Arg. Flora 67: 269 (1884) 

Pertusaria commutata Miill.Arg. is characterised by disciform apothecia with one ascospore per ascus and the 
presence of haemathamnolic acid. 

Specimen examined: Cook Islands, Rarotonga: Te Kou Track, lower level, 21°13'S, 159°46'W, alt. 80 m, on Cecropia branch 

in scattered regrowth forest and taro gardens, J.A.Elix 42853, 7 lun 1998 (CANB). 

Pertusaria montpittensis A.W.Archer in J.A.Elix, H.Streimann & A.W.Archer, Proceedings of the Linnean 
Society of New South Wales 113: 65 (1992) 

Pertusaria montpittensis A.W.Archer is characterised by an isidiate thallus lacking apothecia and containing 
4,5-dichlorolichexanthone and stictic acid. It grows on both corticolous and saxicolous substrata. 

Specimens examined: Cook Islands, Rarotonga: Avana Stream, 400 m E of water tanks, 21°14'S, 159°45'W, alt. 60 m, 

on Hibiscus in moist, lowland tropical forest, J.A. Elix 42802, 6 Jun 1998 (CANB); Te Kou Track, lower level, 21°13'S, 

159°46'W, alt. 80 m, on basalt/breccia rocks in scattered regrowth forest and taro gardens with rock outcrops, J.A. Elix 

42828, 7 Jun 1998 (CANB); J.A.Elix 42829 (CANB); Raemaru Track, upper level, 21°14'S, 159°49'W, alt. 200 m, on treelet 

in fern dominated slopes with scattered Albizzia, J.A. Elix 42904, 8 Jun 1998 (CANB); mouth of Avana Stream, 21°14'S, 

159°43'W, alt. 1 m, on Hibiscus in strand vegetation, J.A.Elix 42999, 9 Jun 1998 (CANB) 

Pertusaria thiospoda C.Knight Transactions of the Linnean Society of London, Botany 2: 47 (1882) 

Pertusaria thiospoda C.Knight is characterised by verruciform apothecia with two ascospores per ascus and the 
presence of thiophaninic and stictic acids. 

Specimen examined: Cook Islands, Rarotonga: mouth of Avana Stream, 21°14'S, 159°43'W, alt. 1 m, on Hibiscus in strand 

vegetation, J.A.Elix 43002,9 Jun 1998 (CANB). 

Varicellaria velata (Turner) Schmitt & Lumbsch Mycokeys 4: 31 (2012) 

Pertusaria velata (Turner) Nyl. Lich. Scand. (Uppsala): 179 (1861) 

Parmelia velata Turner Transactions of the Linnean Society of London 9: 143 (1808) 

Varicellaria velata is characterised by disciform apothecia with one ascospore per ascus and the presence of 
lecanoric acid. The species was recently transferred from Pertusaria to Varicellaria (Schmitt et al. 2012) and is 
therefore not included in the Key below. 

Specimens examined: Cook Islands, Rarotonga: Avana Stream, 400 m E of water tanks, 21°14’S, 159°45’W, alt. 60 m, on 

Hibiscus in moist, lowland tropical forest, J.A. Elix 42794,6 Jun 1998 (CANB); mouth of Avana Stream, 21°14’S, 159°43'W, 

alt. 1 m, on Hibiscus in strand vegetation, J.A. Elix 42993, 9 Jun 1998 (CANB). 

Key to the genus Pertusaria in Rarotonga 

1 Apothecia lacking, with isidia.P. montpittensis 

1: Apothecia verruciform or disciform . 2 

2 Thallus with disciform apothecia; thallus K+yellow, C-ve; haemathamnolic acid present.... P. commutata 

2: Thallus with verruciform apothecia. 3 

3 Ascospores with rough inner wall .4 

3: Ascospores with smooth inner wall.6 

4 Ascospores 8 per ascus, 120-150 pm long; lichen compounds absent. P. megacarapa 

4: Ascospores 3 or 4 per ascus, 74-130 pm long; 2’-0-methylconfluentic acid present.5 

5 Stictic acid present.P. rarotongensis var. stictica 

5: Stictic acid absent.P. rarotongensis var. rarotongensis 

6 Ascospores 2 per ascus; ostioles not black and conspicuous. 7 

6: Ascospores 3-4 per ascus; ostioles black, conspicuous .P. atroguttata 

7 Ostioles pale yellow; thiophaninic acid present. P. thiospoda 

7: Ostioles black, punctiform; thiophaninic acid absent.P. homilocarpa 
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Conclusion 

The genus Pertusaria exhibits a high degree of endemism throughout its distribution. Approximately 45% of 
Australian taxa are endemic (Archer 2004), 50% of New Zealand (Galloway 2007) and total North American 
species (Dibben 1980), while in temperate North America approximately 75% are endemic to the continent. 
Given this background, the fact that 5 of the 8 taxa recorded for Rarotonga are endemic is not as surprising as 
it initially appears. 
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Abstract 

Acacia yalwalensis Kodela (Fabaceae, Mimosoideae sect. Botrycephalae) is here described from the South Coast region of 

New South Wales, Australia. It was previously confounded with Acacia oshanesii F.Muell. which occurs in the North Coast 

region of New South Wales and southeast Queensland. 

Introduction 

Tindale and Kodela (2001) informally recognised a variant of Acacia oshanesii with ciliate pinnules (with ± pilose 
hairs along the margin) and submoniliform pods 50-85 mm long and 4-6.5 mm wide with valves discernibly 
raised over the seeds. It occurs in the South Coast of New South Wales, 450-500 km from the northeastern 
New South Wales and southeast Queensland occurrences of A. oshanesii. After further examination of the 
morphological variation within A. oshanesii s. lat., the southern variant is here described as a new species, 
Acacia yalwalensis. A. oshanesii s. str. is restricted to the North Coast of New South Wales and southeast 
Queensland. 

Methods 

The study is based on morphological observations and assessment of herbarium specimens at NSW, including 
duplicates to be distributed to other herbaria. The morphological feature ‘young foliage-tips’ that is used here, 
and which is often found in descriptions of taxa of Acacia section Botrycephalae, refers to the young leaves in 
an early stage of development that occur at the apices of branches. Submoniliform pods have a margin that is 
moderately to prominently constricted between the seeds, with the surface slightly to prominently swollen over 
the seeds (Maslin et al. 2010). Botanical regions cited for New South Wales follow those used by the National 
FFerbarium of New South Wales (NSW) developed by Anderson (1961) and Jacobs and Pickard (1981). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Taxonomy 

Acacia yalwalensis Kodela, sp. nov. 

[Acacia oshanesii auct. non F.Muell. & Maiden: Tame 1992:196,p.p.: Tindale and Kodela 2001:229,p.p.; Kodela 
and Harden 2002: 472, p.p.; Mills and Jakeman 2010: 144] 

Diagnosis: differs from Acacia oshanesii most obviously in the following ways: pinnules ciliate; pods narrower 
(4-6.5 mm wide), with margin more noticeably constricted between seeds and valves discernibly raised over 
seeds; upper surface of rachis with a shallow, longitudinal groove flanked on either side by a narrow ridge; 
young foliage-tips white-hairy; heads seemingly fewer-flowered. 

Type: New South Wales: South Coast: Yalwal, at Danjera Dam, W of Nowra, K. Mills s.n., 4 Jan 1986 
(holo: NSW262035; iso: CANB, K, MEL). 

Illustrations: Tindale and Kodela (2001: 226, fig. 7K-L) - pod and seed illustrated only (fig. 7M-N is cited 
incorrectly as the Acacia oshanesii variant (fig. 7M-N represents typical A. oshanesii); Mills and Jakeman (2010: 
144), as A. oshanesii. 

Erect, straggly or bushy shrub or tree commonly to 9 m or more high (some trees at Yalwal reach 20 m high, 
the trunk of one tree recorded with a dbh of 48 cm), often with pendulous branches. Bark smooth or slightly 
fissured, grey-brown or green. Branchlets terete, slightly angled or flattened towards apices, often pruinose, 
pilose with fine white-translucent hairs especially on ridges. Leaves: petiole to 0.7 cm long (sometimes 
obscured by basal pinnae arising from near pulvinus), mostly with a raised, circular to broadly elliptic or 
slightly obovate gland at base of or near lowest pair of pinnae; rachis (2.5-)5-12 cm long, grooved above 
(a shallow, longitudinal groove flanked on either side by a narrow ridge, or appearing more as a broad ridge 
with a shallow groove running down middle), pilose mostly above (with hairs mainly on the ridges either side 
of groove and on sides of rachis) but sometimes on both sides, with a jugary (or near-jugary) gland similar 
to the petiolar gland occurring mostly at the uppermost 1-4 pairs of pinnae (these glands sometimes occur 
just below to half-way down, appearing interjugary; glands are sometimes present between the uppermost 
9 pairs of pinnae, often irregularly so); pinnae (6-) 10-22(-29) pairs, (l-)2-4(-4.7) cm long, lowermost pair 
often slightly shorter than others; pinnules dark green above, paler green beneath, (12-)20-45 (-51) pairs, 
oblong to narrowly oblong, (1—) 1.5—2.5(—3.5) mm long, 0.5-0.7(-0.9) mm wide, ciliate often with pilose hairs 
(sometimes sparsely so), apex obtuse or acute. Inflorescences in terminal and axillary racemes and panicles. 
Peduncles (1—)2—5 mm long, glabrous. Heads globose, c. 9-13-flowered, c. 3-5 mm diam. (when dry), pale 
yellow or cream-coloured. Flowers 5-merous; calyx cupular, 0.5-0.7 mm long, dissected to c. V4 its length, 
glabrous or with whitish hairs in upper parts, near apex and/or along keels; corolla 1.2-1.3 mm long, dissected 
to Vi or splitting further, glabrous or sometimes petals with obscure, minute hairs near their acute apex; 

ovary glabrous. Pods straight to curved, ± submoniliform (margin usually slightly to moderately, ± regularly 
to irregularly constricted between seeds), ± flat but discernibly raised over seeds, (20-)50-85 mm long, 
4-6.5 mm wide, coriaceous, brownish black or blue-black, usually ± pruinose, with few, fine lateral veins, 
glabrous; seeds longitudinal, to c. 4.5 mm long; funicle filiform. Fig. 1 

Flowers: about June-August; buds may occur from about December-February. Fruiting: September-January. 

Distribution: New South Wales: South Coast: what is known of the ‘natural’ distribution of Acacia yalwalensis 

is that it has ‘primarily been found in the lower Danjera Creek/Yalwal Creek catchment and nearby, including 
the Bundundah Creek valley. The main known occurrence is around the old gold mining area east of Danjera 
Dam, the site of the old township of Yalwal [a former settlement dismantled and destroyed after gold mining 
ceased in the area], with occurrences in the valleys to the north and to the west’ (Mills 2014). 

The general distribution previously cited for Acacia yalwalensis (as A. oshanesii) (e.g. Tindale and Kodela 2001, 
Kodela and Harden 2002) included the Shoalhaven-Nowra area west to the Yalwal-Yarramunmun area and 
possibly south to near Wandandian. The species’ natural distribution within this range was somewhat uncertain 
due to the likelihood of introductions and the possibility of‘garden escapes’, with specimen collections from 
the Nowra area likely to be from, or originating from, cultivated plants. Particularly in the 1940s and 1950s 
Frederick A. Rodway collected specimens from Nowra, citing the plants growing in streets, along paths and 
other urban settings. He sometimes included the names of property owners related to collection sites and 
described ‘trees in a row’. Mills (2014) states that ‘collections from Nowra are almost certainly gathered from 
planted street or garden trees’. In the Wandandian area a tree grew near to the Princes Highway at Condies 
Creek, just north of the village, for many years and was collected in 1987 by Mills but has since died (Mills and 
Jakeman 2010, Mills 2014). There are earlier collections also from Condies Bridge/Creek by other collectors, 
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possibly from the same plant, and it has been suggested (K. Mills pers. comm.) that seed may have been 
transported to this locality by motor vehicle tyres. Further investigation is required on the distribution and 
status of populations of A. yalwalensis. 

Habitat: recorded growing on Devonian volcanics and granite, also old sediments, in clayey soils and sandy 
loams, on hill slopes, creek banks and roadsides, commonly with Eucalyptus beyeriana, E. punctata, E. ralla, 

E. tereticornis, Angophora floribunda, Acacia filicifolia, A. mearnsii, Bursaria spinosa and Olearia viscidula. In 
a sheltered forest in Sawpit Gully it also grows with rainforest species (Mills 2014). The population at Yalwal 
occurs in relatively dry forest with rainfall of c. 1000 mm per year, which is considered a low rainfall for the 
region in general (Mills 2014). Acacia yalwalensis readily colonises cleared land while the largest plants occur 
in sheltered gullies (Mills 2014). 

Conservation status: Rare, threats unknown. Acacia yalwalensis should be considered as vulnerable, as 
although occurring in Morton National Park, it has a restricted distribution (less than 100 km) with limited 

site records. 

Etymology: the specific epithet refers to Yalwal, from where the type specimen was collected. 

Common name: Yalwal Wattle is recommended as a suitable common name. 

Selected specimens (c. 24 collections examined): New South Wales: South Coast: Yalwal, Baeuerlen s.n., 13 Mar 1891 

(NSW8371); North Street, Nowra, Beard 891, 19 Aug 1957 (NSW42191); Condies Bridge, Wandandian, c. 15 miles 

[24 km] SSW of Nowra, Constable s.n., 17 Jun 1960 (NSW53899); 1 mile [1.6 km] W of Cemetery at Yalwal, Ellison s.n., 

18 Sep 1979 (NSW376290); SW of Nowra, near Danjera Dam, Yarramunmun area, Gilmour 5191, 10 Sep 1985 

(CBG8600188 n.v., NSW261239); Condies Creek, near Wandandian, Ingram & Craig, 16 May 1960 (AD, BRI, CANB, 

HO, NSW97077); 1 mile [1.6 km] W of Cemetery at Yalwal, Ellison s.n., 18 Sep 1979 (NSW376290); Condies Creek, 

Wandandian, S of Nowra, Mills s.n., 4 Sep 1987 (NSW376296); Bundundah Creek, near Yalwal Creek, Morton National 

Park, Mills s.n., 3 Nov 1987 (NSW376295); Yalwal, to the W of Nowra, on old town site E of Danjera Dam, Mills s.n., 

24 Sep 2014 (BRI, NSW931320); RC School grounds, North Street, Nowra, F.A. Rodway s.n., 15 Jul 1948 (K, NSW376289), 

North Road, Nowra, F.A. Rodway s.n., 18 Jul 1950 (NSW47249); Osborne Street, Nowra, Tindale s.n., 17 Dec 1986 (CANB, 

NSW8613, PERTH). 

Related species: specimens of Acacia yalwalensis had been previously identified as A. oshanesii and later 
recognised as an informal variant of this more northerly distributed species. Without fertile material 
specimens can most readily be distinguished by observing the upper side of the leaf rachis (a shallow, 
longitudinal groove flanked on either side by a narrow ridge, possibly seen as a broad shallowly grooved 
ridge, occurs in A. yalwalensis; a single raised narrow ridge occurs in A. oshanesii) and pinnules (ciliate in 
A. yalwalensis; glabrous in A. oshanesii). In addition to these features, A. yalwalensis differs from A. oshanesii in 
having white-hairy young foliage-tips (hairs yellowish to golden in A. oshanesii), leaf glands being circular to 

broadly elliptic or obovate (the glands in A. oshanesii are ± elliptic to obloid or obovate, often with a paler rim 
around a small orifice), leaves often having a somewhat different appearance regarding pinnae and pinnule 
dimensions and orientation (e.g. pinnae often ± perpendicular to rachis and pinnules up to 5 mm long in A. 

oshanesii), seemingly fewer-flowered heads (heads usually over 20-flowered in A. oshanesii) and different pod 
characters (pods to 85 mm long, 4-6.5 mm wide, ± submoniliform, with margin regularly or irregularly, often 

variably constricted between seeds and valves discernibly raised over seeds in A. yalwalensis; whereas the pods 
of A. oshanesii are to 140 mm long, 7-12 mm wide, ± straight-sided to irregularly and variably constricted 
between seeds and ± flat or slightly raised over seeds). 

Acacia trachyphloia Tindale is morphologically similar to A. yalwalensis and occurs in the South Coast and 
Southern Tablelands of New South Wales, c. 50-60 km south of where A. yalwalensis is found. It differs most 
obviously from the new species in having a (usually dense) indumentum of yellow to whitish silky hairs on its 
branchlets and leaf axes, young foliage-tips usually golden-velvety, pinnules with hairs on surfaces as well as 
margins, and peduncles usually with hairs. Less closely related, superficially similar A. parramattensis Tindale 
differs most obviously from A. yalwalensis in having concolorous pinnules, more numerous flowers per head, 
often appressed-hairy peduncles, more regular jugary glands, and when present the branchlet and rachis hairs 
are mostly shorter and ± appressed (unlike the erect to spreading pilose hairs in A. yalwalensis). 



Acacia yalwalensis a new species Telopea 18: 27-31, 2015 31 

Putative hybrids between Acacia baileyana F.Muell. and A. yalwalensis have been recorded (as A. baileyana 
x oshanesii) from Nowra; examples of specimen collections include Bridge Road, Nowra, F.A. Rodway s.n., 
6 Jul 1944 (NSW47240); 31 Oct 1944 (NSW47246); 4 Dec 1944 (NSW47247); Osborne Street, Nowra, M.D. 
Tindale s.n., 17 Dec 1944 (NSW47238, NSW47239). These specimens were collected from seedling plants, 
shrubs and a small tree, and are from an urban area where both parent species are likely to be cultivated. The 
seedlings possibly indicate natural hybridisation and the possibility for naturalisation of the taxon in the area. 
Further investigation of A. yalwalensis and hybrids in Nowra and the surrounding area is required for an 
understanding of their current occurrences and possible spread. 

Key to distinguish Acacia yalwalensis from the related species Acacia oshanesii 

Leaf rachis with a shallow, medial groove on upper surface; pinnules ciliate; pods 4-6.5 mm wide, 
discernibly raised over seeds (N.S.W. South Coast) .A. yalwalensis 

Leaf rachis with a raised, narrow medial ridge on upper surface; pinnules glabrous; pods 7-12 mm wide, 
± flat or slightly raised over seeds (Qld, N.S.W. North Coast) .A. oshanesii 

Note: Inflorescence features, including the number of flowers in heads, are described from a limited number 
of specimens and therefore may be more variable than indicated here. 
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Abstract 

Impatiens toppinii Dunn (Balsaminaceae) was re-collected after a century from Arunachal Pradesh, India. The species was 

earlier known only from Kachin hills, Myanmar. A lectotype is designated, a detailed description from live material and 

coloured illustrations for easy identification are provided. 

Introduction 

Impatiens toppinii Dunn (Balsaminaceae) was named in honour of Major Sidney Miles Toppin who worked 
with persistent determination and success at the elucidation of the genus Impatiens of Northwest and 
Northeast Frontiers of India (Toppin 1920). While posted in Chitral (Pakistan) and Northern Burma, Major 
Toppin applied his spare time to the collection and study of plants which he regularly communicated with 
Sir J. D. Hooker. After his death on 24th September 1917 during World War I, his herbarium samples 

were bequeathed to the Royal Botanical Garden, Kew. Among his collection, 139 sheets belong to genus 
Impatiens which were being accompanied by type-written descriptive notes and in some cases by coloured 
sketches of the flower that were almost ready for publication and it would appear that several of them represent 
undescribed species (Kew Bulletin, 1918, p. 156). 

In 1920 the paper entitled ‘Notes on the Balsams of Chitral and the Kachin Hills’ was published with a few 
additions as were necessary by Mr. S. T. Dunn B. A., assistant for India in the Herbarium at Kew (Toppin 1920). 
The paper dealt with a total of 27 species of Impatiens including 6 newly described species. The present authors 
referred to ‘The Plant List’ (http://www.theplantlist.org/) for checking the authenticity of names of these six 
newly described taxa. Only the names of I. kamtilongensis Toppin and I. porphyrea Toppin were considered 
as accepted and also recorded in ‘Flora of China’ (Yilin et al 2008). Status of the remaining four species were 
marked as unresolved. The study of subsequent literature on Impatiens (Grey-Wilson 1989,1991; Huang 2006; 
Pusalkar and Singh 2010, Govaerts and Chakrabarty 2011; Li et al. 2011; Utami 2011; Dessai and Janarthanam 
2011; Bhaskar 2012; Gogoi and Borah 2013a, b, 2014; Gogoi et al. 2013) reveals that the other four species 
were not recorded or collected by any further researchers except mentioned in the check list prepared by 
Smithsonian National Museum of Natural History for plants of Myanmar (http://persoon.si.edu/myanmar/ 

checklistNames. cfm). 

© 2015 Royal Botanic Gardens and Domain Trust 
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During a recent plant exploration and survey tour to Kamlang Wildlife sanctuary under Botanical Survey of 
India’s annual action plan project‘Flora of Lohit district and Kamlang Wildlife Sanctuary’ few Impatiens species 
were collected. After critical examination and subsequent literature study accompanied by examination of 
herbarium samples deposited at K, one plant collected during this survey was identified as Impatiens toppinii 
Dunn, being discovered for the first time from India. Earlier it was only described in the original publication 
from Kachin Hill, Myanmar (Burma) (Toppin 1920) without mentioning the type. Hence a lectotype is 
designated here from Toppin’s original collection (Fig. 1) along with morphological description and coloured 
illustrations (Figs 2,3) based on fresh plant material to enable the field botanists, foresters, environmentalists, 
herbalists, etc. to identify the species in the field. 

Impatiens toppinii Dunn, Bulletin Miscellaneous Information Kew. 10: 353 (1920). 

Lectotype (designated here): Myanmar, Kachin hill, Sinlum; at 4000-5500 ft, anno 1911, S.M. Toppin 
2781{IC694915!); isolectotype (IC694913!, K694914!, IC694916-K694919!). 

Annual herb, to 60 cm tall, unbranched or sometime branched; stem terete, green, slightly ridged on 
upper portion, slightly pubescent apically, rooting from lower nodes, nodes not swollen. Leaves alternate, 
4-11.5 cm long, 2-4 cm wide, exstipulate; petiole 1-3 cm long; lamina ovate, elliptic to broadly elliptic, 
with two filiform glands at base of lamina, with base cuneate, margin crenate (setose between teeth), apex 
acuminate, lower surface whitish green, upper surface green, pubescent, lateral veins 6-8 pairs. Inflorescence 
axillary, also arise from lower nodes, 1-2(or 3) flowered; peduncle 1.5-4 cm long; pedicel 1-2.5 cm long, light 
green; bract lanceolate, c. 5 mm long, situated at base of pedicel, persistent until flowering. Sepals: lateral sepals 
2, narrowly ovate, acuminate, c. 1.3 x 0.6 cm, glabrous, lower sepal bucciniform/funnel shaped, pinkish white 
with prominent pink veins, mouth to 2 x 1 cm wide, slightly beaked, tapering in a long semicircular whitish 
yellow spur, to 2.5 cm long, tip bifid; dorsal petal pink, ovate, 1.5 x 1.2 cm, dorsally with horn like keel; lateral 
united petals to 2.5 x 1.1 cm (whole), pink with white base, basal lobe triangular with blunt apex, distal lobe 
1.6 x 1.2 cm, dolabriform, apex acute, auricle present at the base, whitish pink, to 4 x 2.5 mm; stamen to 

7 mm long; anther lobe obtuse. Capsule to 1.5 x 0.7 cm, turgid at middle, ridged, glabrous, green; seeds many, 
to 2 mm long, c. 1.2 mm diam., greenish white, surface papillose. 

Phenology: Flowering and fruiting June - July 

Distribution and habitat: Impatiens toppinii was found growing at an elevation of 450 m near the periphery of 
Kamlang Wildlife Sanctuary, Lohit district of Arunachal Pradesh, India where three populations of more than 
200 individuals were observed; earlier its distributional record was Sinlum, Kachin Hills, Myanmar (Toppin 
1920). 

Other specimens examined: India: Arunachal Pradesh, Lohit district, periphery of Kamlang Wildlife Sanctuary, 
450 m asl. (27°44'27.27"N 96°23'32.58nE), S. Borah 34430,10 Jun 2014 (ARUN, ASSAM, CAL). 

Lectotypification 

Since the type collection (Toppin 2781) consists of several elements (mounted on seven separate sheet, as 
held at K; refer above), one sheet (K694915) has been selected as the lectotype. This sheet was examined by 
Dunn and closely matches the protologue, including the illustration (Toppin 1920). Since the remaining K 
sheets of this collection were also examined by Dunn and match the protologue, they are here designated as 
isolectotypes. 

Conclusion 

Detailed morphological observation, comparison with other herbarium specimens at K, supported by 
literature survey proved that the recently collected balsam species from near the Kamlang Wildlife Sanctuary 
(India) to be Impatiens toppinii Dunn, representing a new distributional record from India. Since the type 
collection consisted on several elements, a lectotype is designated here. 
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Fig. 2. (below) A, Habit; B, Individual plant; C, Flowering twig; D, Side view 

of flower; E, Front view of flower; F, Flower bud; G, Pedicel with flower. 

Image: S. Borah 
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Fig. 3. A, Flower; B, Flower bud; C, Bract; D, Lateral sepal (Dorsal); E, Lateral Sepal (Ventral); F, Dorsal petal (Ventral); 

G, Dorsal petal (Dorsal); H, Dorsal petal (Side View); I, Lateral united petals (Ventral); J, Lateral United petals (Dorsal); 

K, Lower sepal with spur; L, Androecium; M, Fruit with pedicel; N, Seeds. Image: S. Borah 
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Abstract 

A reassessment of specimens of Haloragis exalata subsp. exalata from near Geehi, in Kosciuszko National Park, revealed 

that they were consistently different from typical examples of that taxon in stem, leaf and indumentum characters. It is here 

concluded that this population merits recognition at specific rank, a conclusion that is strongly supported by preliminary 

DNA sequence analysis. The species is named Haloragis milesiae in honour of the discoverer of the population. 

Introduction 

Haloragis exalata F.Muell. subsp. exalata is an uncommon subshrub distributed from south-eastern Queensland 
to southern Victoria (Australia) that is currently (November 2014) listed as vulnerable under both the New South 
Wales Threatened Species Conservation Act 1995 (TSC Act) and the Commonwealth Environment Protection 
and Biodiversity Conservation Act 1999 (EPBC Act). It is usually found in coastal-lacustrine situations. The 
ecology and conservation status of this taxon has recently been reviewed by Miles and Cameron (2007). These 
authors note that, although the taxon is rare and the populations often widely separated, plants can be locally 
abundant. They also suggest that the species may be “at a relatively early stage of colonisation and speciation” 
in southern Australia because of the young age of the coastal habitats it occupies (p. 270). Surprisingly, the 
authors also report the presence of plants, which show some morphological similarities to those in these 
coastal communities, in the montane Kosciuszko National Park near Geehi, at c. 1100m altitude. One of their 
conclusions was that “the Geehi population should be investigated as a possible discrete taxon” (p. 267). 

The present paper presents evidence that the Geehi populations are indeed discrete morphologically and 
that the plants of this population should be recognised at specific rank. This conclusion is also supported by 
DNA sequence data from two chloroplast and two nuclear markers (Wilson and Heslewood, unpublished 
analysis) which places the species outside a lineage that includes Haloragis exalata, H. serra Brongn. and the 
New Zealand taxon H. erecta (Murray) Oken. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Taxonomy 

Haloragis milesiae Peter G.Wilson & Makinson, sp. nov. 

Diagnosis: This species differs from Haloragis exalata by having stems that are terete or ridged rather than 
prominently 4-angled, and by having rather dense fine, spreading hairs on the leaves, stems and hypanthia, 
and fruits that are more strongly 4-angled. The teeth on the leaf margin are coarser and usually larger, being 
(2-)3-5 mm in length, as compared to l-2(-3)mm in both subspecies of H. exalata. The leaves are relatively 
broader than in H. exalata. 

Type: New South Wales: Southern Tablelands: Munyang-Geehi road, 2 km SSW of bridge over Geehi River, 

/. Miles s.n., 9 Jun 2005 (holo NSW678476). 

Woody, robust subshrub to 1.2 m tall; stems erect, terete to ridged but not prominently 4-angled, greenish 
to brown, densely covered with fine, spreading hairs c. 0.2 mm long. Leaves opposite on vegetative growth, 
becoming alternate on flowering shoots; petiole tapering from the lamina base, (7-) 10-17 mm long; lamina 
elliptical to ovate or oblong-ovate (rarely narrowly so), (3.5-)4-8.2 cm long, (1.7—)2.5-4.2 cm wide, base 
obtuse to somewhat cordate, margin serrate or sparingly biserrate (17-41-toothed; teeth (2-)3-5 mm 
long), surface glabrous or with an open to sparse indumentum of short hairs. Inflorescence a cluster of 
3- 7-flowered dichasia in the axils of reduced leaves, resulting in a dense spike-like conflorescence. Lateral 
axillary conflorescences are sometimes also borne in the axils of these reduced leaves. Leaves of flowering 
shoots much reduced, serrate, decreasing in size from 22-28 mm long at the base of the flowering shoot to 
c. 10 mm long (or less in lateral conflorescences). Inflorescence bracts membranous, brownish, linear- 
lanceolate, toothed, 1.1-1.7 mm long, persistent. Flowers 4-merous; pedicel 0.5-1 mm long. Sepals 4, deltoid, 
1.1-1.4 mm long, 0.5-0.9 mm wide, ± entire, sparingly hairy. Petals 4, greenish, hooded and keeled, 3.5-4 mm 
long, bearing hairs along the keel. Stamens 8, filaments 1.1-1.4 mm long; anthers yellowish, 2.5-2.9 mm long. 

Styles 4, to 1 mm long, stigmas fimbriate, purplish. Hypanthium cup-shaped, distinctly 4-angled opposite 
petals, c. 1 mm long, 1 mm wide, clothed with spreading hairs; ovary 4-locular, ovules 1 per loculus. Fruit 
shortly hairy, obpyramidal to pyriform, 2.2-2.8 mm long, 1.7-2.4 mm wide, 4-ribbed opposite petals, slightly 
concave opposite sepals, with irregular transverse to oblique calluses on the surface. Sepals persistent, erect, 
deltoid, 1.3-1.5 mm long, 0.8-1.4 mm wide. Seeds 1 or more. Fig. 1. 

Notes: This species is most readily distinguished from H. exalata subsp. exalata by the lack of markedly 
4- angled stems and the presence on stems and leaves of rather dense fine, spreading hairs. These hairs are 
3 or 4 (rarely 5)-celled and, particularly on the adaxial surfaces of the leaves, the basal cells can become slightly 
enlarged so that the leaves are slightly scabrous. This is in contrast with Haloragis exalata subsp. exalata var. 
exalata, which is distinctly scabrous: the hairs have a strongly thickened basal cell, topped by a couple of small, 
unthickened cells. Haloragis exalata subsp. exalata var. laevis (Schindl.) Orchard is glabrous. 

In his treatment of Haloragis exalata, Orchard (1975) reported the presence of 2 ovules per loculus, with 1 
aborting at an early stage. Dissection of unopened flowers of Haloragis milesiae found a total of only 4 ovules, 
with no evidence of others that had aborted. Dissection of one mature fruit showed that only a single seed had set. 

Haloragis milesiae has larger teeth on the leaf margin than the following in eastern New South Wales: 

H. exalata subsp. exalata, H. exalata subsp. velutina Orchard, and H. serra. In H. milesiae the largest teeth 
on mature leaves are (2-)3-5 mm long (measured as sinus depth at distal edge of the tooth), compared to 
1-2 (very rarely -3) mm long for the other species. 

There is also a subtle difference in leaf venation between H. milesiae and the New South Wales, South Coast 
populations of H. exalata subsp exalata. In dried specimens of the latter, the secondary and tertiary veins of the 
abaxial leaf surface usually remain slightly prominent all the way to the marginal teeth (note that this character 
is not exhibited in Victorian populations currently assigned to this taxon). In H. milesiae (and in Victorian 
subsp. exalata, and all populations of H. exalata subsp. velutina and H. serra) these veins are slightly prominent 
near the midvein but distally become flush with the lamina surface before reaching the marginal teeth. 

Modification to identification keys: In Flora of New South Wales (Wilson 2002a) and in PlantNET 

(Wilson 2002b), H. milesiae will ‘key out’ in couplet 5 with the relatively common species of semi- 
arid lands, H. odontocarpa. Haloragis milesiae is readily distinguished from this taxon by being a robust 
subshrub to 1.2 m tall vs. annual herb to 0.5 m, and by the vegetative leaf width (17—)25—42 mm wide vs. 
10-15 mm wide. 

Etymology: The species is named for Jackie Miles, ecological consultant, of Brogo, New South Wales, who 
discovered this species in January 2002. 
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Fig. 1. Haloragis milesiae. a, habit (flowering stem); b, habit (showing transition from opposite to alternate leaves); 

c, habit (pre-flowering); d, e, f, g, leaf silhouettes showing variation; h, bud; i, flower (male phase with one petal removed); 

j, flower (female phase with one sepal removed); k, 1, fruits; m, fruit cross-section, (a, c-e, g from Miles s.n., NSW678476; 

b, k-m from Miles s.n., NSW678475; f, h-j from Miles s.n., NSW497937). Scale bar: a = 52 mm; b, c = 75 mm; 

d-g = 60 mm; h, i, k-m = 4 mm; j = 2 mm. 
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Habitat and ecology: Most specimens were collected from areas of disturbance within wet sclerophyll forest 
dominated by Eucalyptus delegatensis and E. dairy mpleana with shrubby understorey of taxa that include Acacia 
rubida, Bossiaea foliosa, Prostanthera lasianthos, Kunzea ericoides, Coprosma hirtella and Lomatia myricoides. 
The species is recorded as being locally common in areas subject to occasional human disturbance (track edges, 
power line easements) or after fire. Miles and Cameron (2006,2007, and J. Miles in litt.) describe the response 
to fire of the populations around Geehi dam, having observed a strong recruitment pulse from soil seed bank 
after fire, including massive recruitment well up-slope from pre-fire occurrence sites within a year of the fire. 

They postulated a gradual decline in frequency of plants as the habitat regenerates after fire, persistence of 
plants mainly in areas of canopy break and occasional earth disturbance, and the development of a localised 
soil seed bank of considerable longevity and size after a long enough period between fires (perhaps >10 years). 
They also noted that no plants were found in nearby riparian disturbance zones. 

Conservation status: The species is probably adequately conserved in terms of tenure. Although it is restricted 
in distribution, it is adequately protected because it occurs within the Kosciuszko National Park. Factors that 
threaten other species that have restricted distributions, like disturbance and fire, may enhance, rather than 
decrease, this taxons chances of survival. Miles and Cameron (2006, p. 23) consider that it is “unlikely that 
too frequent fire would be an issue in the management of this species” but the frequency and other details of 
clearing and slashing under powerline easements are unknown and their impact uncertain. 

Distribution: Apparently restricted to the Geehi area where the metapopulation extends “discontinuously 
over at least 14 kilometres” (Miles and Cameron 2006). It is possible that investigation of other valleys in the 
area could locate further populations. Other inland records attributed to Haloragis exalata (eg, from Tumut 
and Bungonia) are still under investigation but it is evident that they do not represent further occurrences of 
this new species. 

Other specimens examined: New South Wales: Southern Tablelands (as per Jacobs and Pickard 1981): Geehi Dam, Miles s.n., 

4 Jan 2002 (NSW497919, NSW497937); Lower edge of Grey Mare Fire Trail, c. 1 km W of Geehi Dam wall, Miles s.n., 

10 Jun 2005 (NSW678473, NSW739564, CANB); Slope above Middle Creek, c. 1 km W of Geehi Dam wall, Miles s.n., 

10 Jun 2005 (NSW678475). 

References 

Jacobs SWL, Pickard J (1981) Plants of New South Wales (D West, Government Printer: Sydney), 226 pp. 
Miles J, Cameron S (2006) Observations of fire response for the rare plant Haloragis exalata. Australasian Plant 

Conservation 14(4): 22-23. 
Miles J, Cameron S (2007) The ecology and conservation status of Haloragis exalata subsp. exalata 

(Haloragaceae) in southern New South Wales. Cunninghamia 10(2): 263-272. 
Orchard AE (1975) Taxonomic revisions in the family Haloragaceae. I. The genera Haloragis, Haloragodendron, 

Glischrocaryon, Meziella and Gonocarpus. Bulletin of the Auckland Institute and Museum 10: 64-140. 
Orchard AE (1990) Haloragaceae. In Flora of Australia Volume 18. (ABRS/CSIRO Australia, Melbourne) 
Wilson PG (2002a) Haloragaceae. Pp. 244-255. In Flora of New South Wales Vol. 2, revised edn, Harden GJ 

(ed.). (University of New South Wales Press, Sydney) 
Wilson PG (2002b) Genus Haloragis. Key to species. PlantNET - New South Wales Flora Online http://plantnet. 

rbgsyd.nsw.gov.au/cgi-bin/NSWfl.pl?page=nswfl8dvl=gn&name=Haloragis (accessed 25 Sept. 2014) 



Volume 18: 43-55 

Publication date: 17 February 2015 

dx.doi.org/10.7751/telopea8127 

Telopea 
Journal of Plant Systematics 

The Royal 

Botanic Gardens 
& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

Reproductive success and pollination of the Tuncurry Midge 
Orchid (Genoplesium littorale) (Orchidaceae) by 

Chloropid Flies 

Colin Bower14, Brian Towle2 and Dan Bickel3 

’ FloraSearch, PO Box 300, Orange, NSW 2800 Australia 

2Eco Logical, Australia, PO Box 12, Sutherland NSW 1499 Australia 

3Australian Museum, 6 College Street, Sydney NSW 2010 Australia 

4Authorfor correspondence: colbower@bigpond.net.au 

Abstract 

The Midge Orchids (Genoplesium R.Br.) (Orchidaceae) are thought to attract pollinators by nectar reward. All verified 

records of Genoplesium pollinators are small flies of the families Chloropidae and Milichiidae, suggesting pollinator 

specificity. We investigated pollination of the Critically Endangered Tuncurry Midge Orchid, Genoplesium littorale 

D.L.Jones. In common with other Genoplesium species, G. littorale is pollinated exclusively by chloropid flies. Although 

there is specificity at the pollinator family level, G. littorale is oligophilous, being pollinated by five putative chloropid 

species in two genera, Conioscinella and Cadrema. Most visitors were female with females greatly predominating among 

flies bearing pollinaria. Examination of flowers on ten inflorescences showed G. littorale is outcrossing with high pollen 

vector activity; pollinaria had been removed from 71% of post anthesis flowers. A set of criteria for distinguishing 

outcrossed, autogamous and apomictic flowers based on observations of pollinaria removal, pollination of stigmas and 

fruit set on individual flowers ruled out the occurrence of autogamy and apomixis in G. littorale. Fruit set on inflorescences 

averaged 44% prior to seed dispersal and varied significantly among sub-populations. Nectar is produced in the groove 

of the labellum callus, although flowers emitted no odour detectable by humans. Detailed examination of 29 flowers 

revealed no chloropid eggs, indicating the pollination syndrome is not brood site mimicry. The absence of strong dung or 

carrion-like odours also makes sapromyophily unlikely. The Genoplesium pollination syndrome is nectar reward, but may 

also represent an example of‘kleptomyiophily’, recently described in Aristolochia rotunda. Herbivory reduced reproductive 

capacity by half overall, varied significantly among sub-populations and may be a significant threatening process for 

G. littorale. Strategies to reduce herbivory in this critically endangered species should be investigated. 

Introduction 

Orchids are renowned for their floral diversity, reflecting a variety and complexity of pollination mechanisms 
that have fascinated naturalists since Darwin’s pioneering investigations (Darwin 1877, Edens-Meier and 
Bernhardt 2014). The majority of orchids are thought to be pollinated via nectar reward of insect pollen 
vectors (van der Pijl and Dodson 1966). However, orchids are also known for the relatively high proportion 

of species with deceptive pollination strategies. Up to one third of orchid species deceive pollen vectors by 
promising non-existent rewards (van der Pijl and Dodson 1966). It is well known that orchid pollen vectors 
may respond to false offers of nectar (food deception) or a mate (sexual deception) (Vereecken et al. 2010). 

© 2015 Royal Botanic Gardens and Domain Trust 
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More recently, some orchids have been shown to mimic carrion (van der Niet et al. 2011), or various kinds of 
prey insects including aphids (Stokl etal. 2011), leaf-eating caterpillars (Brodmann etal. 2008) and honeybees 
(Brodmann etal. 2009). 

Despite an absence of formal scientific studies, the dominant pollination mechanism in the Australian 
terrestrial orchid genus Genoplesium Fitzg., commonly known as Midge Orchids, is considered to be xenogamy 
or geitonogamy mediated by small Diptera (Bower 2001a). Most of the 55 described Genoplesium species 
are thought to reward fly pollinators with nectar. However, three species, G. nudum (Hook.f.) D.L.Jones & 
M.A.Clem., G. pumilum (Hook.f.) D.L.Jones & M.A.Clem. and south-west Tasmanian G. archeri (Hook.f.) 

D.L.Jones & M.A.Clem., are considered to be autogamous (Jones 1972, 1998), and G. apostasioides Fitzg. is 
apomictic (Jones 1977, Jones and Clements 1989). Entomophilous Genoplesium species may strongly attract 
swarms of flies on warm days (Bates 1981, 1988). The primary attractant appears to be odour, with some 
scents detectable by humans, but others not so. Reported Genoplesium odours include lemon, lemon mixed 
with an ant-like odour and sour milk (Blaxell 1970, Jones 1970). Garnet (1940) reported that the labellum 
(the specialized median petal of orchids) callus of newly opened Genoplesium flowers is liberally covered with 
‘minute droplets of glandular exudate’. No other reports mention the presence of nectar-like secretions in 
Midge Orchid flowers. 

The mechanism of insect mediated pollination in Genoplesium was first described by Garnet (1940). Flies 
land on the inflorescence and move to the downward hanging labellum which they gradually ascend, whilst 
appearing to feed. Once on the labellum flies are oblivious to close observation with a hand lens or even 
inversion of the inflorescence (Garnet 1940, Bates 1981). They move to the labellum base (Garnet 1940) and 
may force the thorax below the rostellum by jerking movements of the legs (Bates 1981, 1988) where they 
spend up to several minutes. In this position the fly’s thorax contacts the viscidium. After finishing on one 

flower flies may move to others on the same raceme (Garnet 1940) suggesting geitonogamous self-pollination 
occurs. Because they remain on the inflorescence rather than departing, this behaviour also suggests flies 
derive a reward (Bates 1988). 

Despite reports that Vinegar Flies (Drosophilidae) may pollinate Genoplesium species (Jones 2006, Kuiter 
2013), all verified records of visitors to Genoplesium species involve flies of the families Chloropidae and the 
closely related Milichiidae (Bower 2001a). The following collates all known records of chloropid visitors to 
Genoplesium species with nomenclature updated in accordance with Evenhuis (2012). Chloropid specimens 
collected by Garnet (1940) belonged to up to five species in three genera and two families, but only Caviceps 
flavipes, Gaurax subpilosa (as Oscinosoma subpilosa) and an undescribed species of Gaurax (as Oscinosoma) 
were named. The orchid species visited by each fly species were not given. Cady and Rotherham (1970) 
illustrated the chloropid Conioscinella beckeri carrying pollinia on the labellum of Genoplesium archeri. 
Chloropid flies collected by D. L. Jones (unpublished) on various Genoplesium species were identified as species 
of Caviceps on G. nigricans (R.Br.) D.L.Jones & M.A.Clem., G. despectans (R.Br.) D.L.Jones & M.A.Clem., 
G. morrisii (Nicholls) D.L.Jones & M.A.Clem. and G. rufum (R.Br.) D.L.Jones & M.A.Clem.; Caviceps flavipes 
was also collected on G. rufum (Bower, 2001a). Flies captured by A. E. Logan (unpublished) on G. aff. rufum 
were identified as Gaurax sp. (as Lioscinella sp.) (Chloropidae) and Stomosis sp. (Milichiidae) (Bower 2001a). 
The limited data suggest that entomophilous Genoplesium species may be exclusively myophilous and 
specifically adapted to chloropids and milichiids for pollination. 

It is not clear if there is pollinator specificity between individual Genoplesium species and chloropid species. 
Garnet (1940) did not report which species of flies were attracted to each Genoplesium species, but considered 
pollinators were shared among species. By contrast, observations by Jones (1970) and Bates (1988) suggest 
some level of specificity may occur. Jones (1970) observed that attracted flies behaved differently towards 
five species of potted Genoplesium placed together in a backyard. The flies removed the pollinaria of only one 
species, G. morrisii, but also actively worked the flowers of G. despectans. They landed on the inflorescence 
of G. fimbriatum (R.Br.) D.L.Jones & M.A.Clem., but did not enter the flowers, and showed little interest 
in G. nigricans (as Prasophyllum fusco-viride). The flies ignored G. filiforme (Fitzg.) D.L.Jones & M.A.Clem. 
(as P. nublingii R.S.Rogers) altogether. Similarly, Bates (1981) observed that flies visiting G. ciliatum 
(Ewart & B.Rees) D.L.Jones & M.A.Clem. were larger than those visiting G. nigricans and G. aff. rufum in the 
same glasshouse over the same time period. However, Bates (1988) also found that the same unidentified fly 
species visited G. acuminatum (R.S.Rogers) D.L.Jones & M.A.Clem. and G. ciliatum in the same glasshouse. 

While the roles of flies (Diptera) as pollinators of angiosperms has been long recognised, being considered the 
second most import order of insects for pollination after the Hymenoptera (Larson et al. 2001), small flies, 
including both the Chloropidae and Milichiidae, are rarely recorded visiting flowers and their association 
with flowers is often overlooked (Larson et al. 2001). The Chloropidae and Milichiidae have been identified 
as pollinators of species from several families in addition to the Orchidaceae including the Apocynaceae 
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(including Asclepiadaceae), Aristolochiaceae and Araceae (Proctor et al, 1996, Borba and Semir 2001, Heiduk 
et al. 2010 and Oelschlagel et al. 2014). The known mechanisms by which myophilous flowers within these 
families attract flies is discussed below. 

Most myophilous flowers reward attracted flies with food, either nectar or pollen (Faegri and van der Pijl 1966, 
Proctor and Yeo 1973). However, several plant families, notably the Aristolochiaceae, Apocynaceae, Araceae 
and Orchidaceae employ various deceptive mechanisms to lure flies for pollination (Proctor et al. 1996). The 
most prominent mechanism is brood site imitation in which pollinators are stimulated to lay eggs on tissues 
that mimic fungi or carrion, but on which the pollinators offspring cannot survive (Proctor et al, 1996). 
Many deceptive fly pollinated flowers in the Aristolochiaceae and Araceae are protogynous with elaborate trap 
mechanisms that detain flies, sometimes for up to 24 hours, while the flower transitions between female and 
male phases, first being pollinated and then releasing pollen onto the same flies after the stigmas are no longer 
receptive (Proctor et al, 1996). Heiduk et al. (2010) suggest that the floral scent of Ceropegia dolichophylla 
(Apocynaceae), which was found to include known insect alarm pheromones, attracts kleptoparasitic milichiid 
flies as pollinators by mimicking their feeding sites on dead and dying insects. Recently, Oelschlagel et al. (2014) 
demonstrated pollination of the trap flower Aristolochia rotunda mainly by deception of female kleptoparasitic 
chloropids that normally feed on the leaking hemolymph of mirid bugs freshly killed by predatory insects or 
spiders. The chloropids are attracted by volatiles emitted by the dying bugs; the same chemicals are also emitted 
by A. rotunda in a pollination syndrome they termed ‘kleptomyiophily’ (Oelschlagel et al. 2014). Chloropids of 
the genera Tricimba and Hippelates are the exclusive pollinators of two lithophytic Pleurothallis orchid species 
(P. johannensis and P. fabiobarrosii) in eastern Brazil (Borba and Semir 2001). Only females of Tricimba sp. 
removed and deposited pollinaria, and were frequently observed to oviposit on flowers, although fly larvae and 
pupae were not seen. The two Pleurothallis species lack nectar, imitate Tricimba brood sites and are pollinated 
by brood site deception (Borba and Semir 2001). 

The subject of this study, the Tuncurry Midge Orchid, Genoplesium littorale, is listed as Critically Endangered 
(NSW Scientific Committee 2009, Threatened Species Scientific Committee 2011). It is known only from the 
Forster-Tuncurry area on the New South Wales North Coast. The total population is estimated at approximately 
2000 plants distributed across an area of 8 km2, mainly on consolidated sand dunes and rehabilitated sand 
mining paths (Threatened Species Scientific Committee 2011). Its reproductive strategy, pollination success 
and pollinators, if any, are unknown. The study reported here was undertaken to determine the pollination 
mechanism, pollinators and reproductive success of G. littorale, in order to better conserve it through an 
increased understanding of its ecological requirements (Dixon et al. 2003, Swarts and Dixon 2009). 

The literature suggests G. littorale is likely to be outcrossing and pollinated by chloropid or milichiid flies. 
However, some species of Genoplesium are autogamous or apomictic (Jones 1972, 1988) and there are a 
number of other myophilous pollination strategies that may apply to G. littorale. While most myophilous 
plants attract pollinators by nectar or pollen rewards, various deceptive mechanisms are known including; 
brood site mimicry (Borba and Semir 2001), mimicry of decaying organic matter (sapromyophily) (van der 

Niet et al. 2011) or, rarely, mimicry of the dying prey of predatory insects and spiders (Oelschlagel et al. 2014). 

Accordingly, the study aimed to determine whether G. littorale: 

is autogamous, apomictic or entomophilous; 

is pollinated by chloropid and/or milichiid flies; 

is monophilous, oligophilous or polyphilous, if entomophilous; 

is nectar rewarding; 

has brood sites for pollinators; or 

has characteristics of sapromyophily or kleptomyiophily. 

The study also aimed to estimate the pollination and reproductive success of G. littorale. 

Methods 

Study Species: Genoplesium littorale is a renascent terrestrial herb, with a single tubular leaf to 25 cm high 
from which emerges the single flower stem bearing from 5 to 30 small (5x4 mm) yellowish green flowers with 
dark reddish black extremities. A distinctive feature is the fleshy, purplish brown labellum with a prominent 

furrowed callus. All floral segments lack marginal hairs. Flowering occurs between March and May, after which 
plants die back to the underground tuber. A new leaf emerges with soaking rains in late summer. 
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Genoplesium flowers are resupinate and possess a pollinarium in which four sectile (friable) pollinia in two 
pairs are joined to a viscidium via a common stipe (Jones 2001). The pollinarium ensures that all pollen is 
removed from the anthers by a single successful visit by a pollen vector (van der Pijl and Dodson 1966). No 
bending of the stipe occurs after pollinarium removal because the anthers are located behind the stigma and 
the pollinia are consequently correctly oriented upon removal for contacting the stigma of another flower. 
The sectile pollinia may pollinate multiple flowers by leaving fragments of pollen on the stigmas of successive 
flowers visited. In common with most orchids (O’Neill 1997, van Doom 1997), the flowers of Genoplesium 
close rapidly and wither within one or two days of being pollinated, followed by rapid swelling of the ovary to 
form the fruit capsule. 

Study area, timing and plant labelling: The study was undertaken at the main known population sites of 
G. littorale north of Tuncurry (precise location details are not given due to the species rarity). Preliminary 
observations were made at the end of the flowering season in 2012 with the main study taking place in 2013. 
Additional pollinator collections were made in 2014. 

In 2013,141 plants were individually labelled with small plastic horticultural tags placed in the soil 10 cm from 
each plant with the label facing the plant. The presence of closed (post anthesis) flowers, open flowers and 
buds was recorded at labelling. Plants were tagged in four sub-population groups, mainly on March 12 and 13 
(Table 1). Labelled plants were monitored for pollinator visitation and used to measure overall reproductive 
success prior to seed dispersal. The same groups of plants were used for additional pollinator collections in 
2014. 

Table 1. Groups of Genoplesium littorale study plants for pollinator observations (12-14 March 2013 and 18-21 March 
2014) and fruit set assessment (23 April 2013), indicating generalised locality and number of plants studied. 

Group Location No. of plants 

A Chapmans Road 34 

B South of North Boundary Fire Trail 20 

C North of North Boundary Fire Trail 57 

D South of track to Darawank Nature Reserve 30 

Total 141 

Pollinator observations and capture: Flowers of individual labelled plants in each group were examined 
closely for the presence of insects and whether they were carrying the distinctive Genoplesium pollinarium. 
The only other co-flowering species, Chiloglottis diphylla Fitgz., was restricted to Group D and does not form 
a pollinarium; its pollinia lack stipes and a viscidium. Each plant was observed for approximately 10 to 15 
seconds three or four times daily on 12 to 14 March 2013 and 18 to 21 March 2014. 

Insects were captured with a manual aspirator and preserved in 70% ethanol (during study of 2013), or 
frozen (2014). Captured insects were identified by one of us, D. Bickel. Owing to the lack of comprehensive 
taxonomic treatments of the Australian Chloropidae, specimens were segregated into informal species based 
on robust taxonomic characters used widely in the family. Genus level identification was based on the most 
recent international key (Wheeler 2010). All insect specimens have been lodged with the Australian Museum, 
Sydney. 

Determination of pollination strategy: Pollinator exclusion by caging inflorescences, and observing whether 

fruit and viable seed develop, is commonly used to demonstrate the existence of autogamy or apomixis 
(with emasculation) (Dafni et al. 2005). Caging experiments are time-consuming and costly. In addition 

emasculation is not practical in G. littorale owing to its numerous small flowers that do not open synchronously. 
Caging was considered unnecessary for G. littorale following microscope examination of three inflorescences 

collected late in the 2012 flowering season. These observations suggested G. littorale is obligately outcrossing 
and that autogamy and apomixis do not occur. Vector-mediated pollination, autogamy and apomixis can be 
distinguished morphologically in flowers developing fruit by different combinations of pollinaria removal, 
presence of pollen on the stigma and fruit development (Table 2). In the case of autogamy physical evidence 
of pollen or gamete transfer from anther to stigma within the flower is also necessary, since it is possible for 

outcrossing flowers to be pollinated by a visiting insect without pollinaria removal occurring. 
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Table 2. General pollinarium, stigma and fruit set status of flowers exhibiting outcrossing, autogamy and apomixis (some 
outcrossed flowers may share the combination for autogamy, in which case morphological evidence for autogamy is also 
needed). 

Outcrossing Autogamy Apomixis 

Pollinarium removed X X X 

Stigma pollinated X X X 

Most viable flowers develop fruit X X X 

Morphological evidence for autogamy sought through examination of flowers included the following. The 
pollinarium must be in situ, to allow growth of pollen tubes into the stigma from the anthers, or the spilling 
of pollen from disintegrating pollinia onto the stigma after the column has bent forward (Jones, 1972), or by 

outgrowth of the stigma to contact the pollinia (Jones, 1972). Evidence necessary to demonstrate apomixis 
is the presence of swollen seed capsules in combination with a lack of pollen on all stigmas and the pollinia 
remaining in situ in the anther sacs without breaking down or germinating. Both autogamy and apomixis 

result in the development of fruit capsules in a high proportion of flowers (Neiland and Wilcock 1998). 

Ten inflorescences of G. littorale with closed flowers, open flowers and buds, three in 2012 and seven in 2013, 
were examined using a binocular dissecting microscope at magnifications up to 40 times. The presence or 
absence of the pollinarium in the anthers and of pollen on the stigma was recorded for each flower, along with 
its status (open, closed or unopened bud). Absence of the pollinarium in open or closed flowers is evidence 
of removal by a pollen vector. The percentage of empty anthers on each inflorescence provides a measure of 
visitation by pollinators and the percentage of stigmas carrying pollen grains measures pollination levels, in 
the absence of autogamy. 

Pollination success: In this study, as in many ecological studies on the Orchidaceae, pollination success 
was measured post anthesis by the percentage of flowers setting fruit on each inflorescence [developing 
infrutescence] (Neiland and Wilcock 1998, Tremblay etal. 2005). In Genoplesium, and most other orchids, there 
is a marked difference between the distension of fertilised versus unfertilised ovaries (Fig. 1). Accordingly, it 
was not considered necessary to assess seed viability as a measure of reproductive success. Fruit set was assessed 
on 23 April 2013 on 131 remaining labelled plants. Of the original 141 labelled plants, seven inflorescences 
were removed for laboratory examination and three labels were lost. 

Presence of nectar and brood sites: The presence or absence of nectar droplets in the labellum groove was 
recorded from 10 harvested inflorescences, three in 2012 and seven in 2013 (the same 10 inflorescences 
taken for determination of pollination strategy). Inflorescences were examined with a lOx hand lens after 

picking for the presence of nectar on the labellum. The labellums of one flower on six of the inflorescences 
were photographed with a macro lens and later digitally magnified on a computer screen as a further check 
for the presence of nectar. Inflorescences with open flowers were smelt in warm conditions to determine if 
‘food’ odours similar to those reported by Blaxell (1970) and Jones (1970) for other Genoplesium species were 
present, or whether odours associated with sapromyophily, such as dung or carrion-like smells were present. 
The possible presence of brood sites was tested by microscopic examination of single flowers taken from 29 
plants; Group A (7 flowers), Group B (9 flowers) and Group C (13 flowers) in 2014. Flowers were stored in 
individual vials at 3°C and examined within two days of collection. All tepals and the column were inspected 
thoroughly. 

Statistical analysis: Statistical analyses were conducted in WinSTAT for Excel (Fitch 2002). 

Results 

At the time of plant labelling in 2013, 73% of plants had open flowers and 27% were in bud with no open 
flowers. Fruit capsule development had commenced with swollen ovaries present on 9 percent of plants. Thirty 
percent of plants had closed (post anthesis) flowers without swollen ovaries. Unopened buds were present on 
51% of plants with open flowers. 

Pollinators: Maximum temperatures on the study area were 28.9, 28.1 and 30.0 °C on 12, 13 and 14 March 
2013, respectively, which are at the upper end of the optimal range for insect activity (Taylor 1963). Fifty 
one potential pollinators, all small flies, were observed on G. littorale inflorescences in 2013. Nineteen (38%) 
were carrying pollinaria on the dorsal thorax. Twenty two were captured and identified, including ten bearing 
pollinaria. A further 33 flies were captured in 2014, of which 16 (48.5%) were carrying pollinaria (Fig. 2). The 
flies belonged to five morphotypes in the family Chloropidae that are considered to be putative species here. 
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They keyed to two genera, Cadrema (1 taxon) and Conioscinella (4 taxa) (Table 3). The Australian Chloropidae 
is a neglected group with many undescribed species, and it was not possible to identify the specimens beyond 
the generic level. The characters used to distinguish the five informal taxa are consistent among the material 
examined (Table 3). 

Specimens of all five putative chloropid species carried G. littorale pollinaria on the thorax (Table 4, Fig. 2), 
thereby confirming them as G. littorale pollinators. Twenty specimens carried a single pollinarium, and six bore 
two pollinaria. Most of the flies captured were females; 39 females to 16 males, which deviated significantly 
from the expected 1:1 ratio (P=0.002, chi square test). The disparity between females and males was greater 
among flies with pollinaria; 23 females to 3 males (P=0.0001, chi square test). 

Table 3. Distinguishing characters of five putative species of chloropids attracted to Genoplesium littorale at Tuncurry, 
New South Wales. 

Chloropid taxon No. of specimens Distinguishing characters 

Cadrema sp. 1 2 Tibia III with long curved apical spine; subrectangular antenna 

Conioscinella sp. 1 19 Distal frons and gena yellow; tibia II & III with banded appearance; antenna 

yellowish 

Conioscinella sp. 2 5 Distal frons yellow; antenna dark brown 

Conioscinella sp. 3 8 Distal frons black; antenna rounded, yellow; very small, < 1.0 mm 

Conioscinella sp. 4 21 Distal frons black; antenna black 

The two most common chloropids in the collection, Conioscinella sp. 1 and Conioscinella sp. 4, were also the 
species with most pollinaria (Table 3), suggesting they are the dominant pollinators of G. littorale on the 
study area. While Conioscinella sp. 2 and Conioscinella sp. 3 were less common, they nevertheless contributed 
to pollination of G. littorale (Table 3). Although uncommon, both Cadrema sp. 1 specimens bore pollinaria, 
indicating this species is an effective pollinator. 

Table 4. Chloropid visitors to Genoplesium littorale: taxa, sex, presence of pollinaria and area of capture. 

Chloropid taxon 

12-14 March 2013 18-21 March 2014 

Sex 
No. with 

pollinaria 
Area Sex No. with pollinaria 

Cadrema sp. 1 
2? 2 A, C - - 

od - - - - 

Conioscinella sp. 1 
8? 5 A, B, C, D 3? 1 

3d 0 B, D 5d 1 

Conioscinella sp. 2 
1? 0 B 1? 1 

id 0 B 2d 0 

Conioscinella sp. 3 
5? 2 B, C, D 2? 1 

id 1 D od - 

Conioscinella sp. 4 
i? 0 A 16? 11 

od - - 4d 1 

Totals 
17? 9 22? 14 

sd 1 nd 2 

Pollinarium position: Attachment of the G. littorale viscidium to chloropids is nototribic (attached to the 
mid-thoracic region) (Fig. 2). The viscidium contacts the mid line of the thorax as the fly straddles the 
labellum groove seeking nectar. As the fly moves towards the labellum base it contacts the viscidium which 

adheres to the thorax (Fig. 2). The precise position of the viscidium depends on the size of the fly and whether 
it has already picked up a pollinarium from another flower. In flies with single pollinaria, the viscidium was 
centred on the bilateral centre line of the dorsal thorax, but may occasionally be placed just to the side of the 
centre line. Flies with two pollinaria had one straddling the centre line and the other displaced to the right 
or left side; either immediately to the side, or forward and to the side. The position of the pollinarium varies 
anteroposteriorly on the midline from the centre of the mesonotum to the rear of the mesonotum, in some 

cases extending partially onto the scutellum. 
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Fig. 1. Post anthesis inflorescence of Genoplesium 

littorale showing swollen seed capsules (fruit) and 

unfertilised flowers. 

Fig. 2. Conioscinella sp. 1 (left) and C. sp. 4 (right) showing nototribic pollinarium position. 
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Weather conditions: Pollinators were observed and captured between 8:30 and 16:20 hours on 12 to 14 March, 
2013. Temperatures varied between 19.8 and 30.0 °C with most flies (78.7%) observed when temperatures 
were above 25 °C (Fig. 3) and after midday (74.5%). Pollinators were active in both sunny and light to medium 
cloudy conditions. 

Odour and nectar: No food-like, or dung or carrion-like odours were detected from G. littorale inflorescences 
in warm conditions (25 to 30 degrees C) when pollinators were most commonly encountered on the flowers. 
A line of nectar droplets in the groove of the labellum callus plate (Fig. 4) was revealed when the labellum 
of one flower macro-photographed in the field was digitally magnified on a computer screen, but nectar was 
absent on five others. In addition, liquid, including lines of droplets similar to Fig. 4, was observed on the 
labella of half the 29 fresh flowers (55.2%) that were refrigerated for one to two days prior to microscope 
examination for possible fly egg deposition. Moisture was not found on other floral segments and is unlikely 
to have been condensation. 

Flower examinations: Ten harvested inflorescences carried a total of 141 flowers of which eight were buds, 50 
were open and 83 had closed (Table 5). Examination of flowers showed that in all cases whole pollinaria were 
taken from the anthers. High levels of pollinaria removal had occurred in some plants, up to 90 percent (varying 
from no pollinaria removed to 90% removed). The percentage of pollinaria removal in 83 post anthesis flowers 
was 71.1%. Pollen grains were found on the stigmatic surface of 98% of flowers that had developed fruit. 

The pollinaria had been removed from half the open flowers and 12% had pollen on their stigmas 
(Table 5). Orchid flowers generally close within one to two days of pollination (O’Neill 1997, van Doom 1997), 
explaining the low number of open flowers with pollen on their stigmas. Following closure the ovary begins to 

swell as fertilised seeds develop. Among the 29 post anthesis flowers with unswollen ovaries, three with pollen 
on their stigmas had not yet commenced swelling (Table 5). Fifteen other unswollen post anthesis flowers had 
intact pollinaria retained in the anthers and no pollen on their stigmas. The failure of any of these flowers to 
develop fruit indicates autogamy and apomixis are absent. 
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Fig. 3. Temperature and time of day at which individual chloropid flies were observed on inflorescences of Genoplesium 

littorale (12-14 March 2013). 
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All advanced buds had intact pollinia in the anthers and no pollen on the stigma, indicating that no pre anthesis 
self-pollination had occurred (Table 5). No case was found of post anthesis pollinia breakdown and spillage of 
pollen from anthers onto the stigma. Nor was there any evidence of growth of pollen tubes through the back 
of the stigma, or outgrowths of the stigma meeting the pollinia, that might also indicate self-pollination. In 
addition, in all but one flower out of 54, swelling of ovaries was only present where pollen was also observed 
on the stigma, ruling out apomixis. 

Table 5. Numbers and percentages of flowers from which pollinaria had been removed and stigmas pollinated, aggre¬ 
gated from ten inflorescences collected in 2012 (three flowers) and 2013 (seven flowers). 

Flower status 
No. of 
flowers 

Pollinaria removal Pollen on stigma 

No. % No. % 

Advanced buds 8 0 0.0 0 0.0 

Anthesis 50 24 48.0 6 12.0 

Post anthesis-ovary unswollen 29 18 62.1 3 10.3 

Post anthesis-ovary swollen 54 41 75.9 53 98.1 

Examination of 29 single flowers for potential brood sites found no evidence of egg laying by chloropids. 
Similarly, no insect eggs were observed on any of the 141 flowers examined for pollinaria removal and pollen 
deposition. 

Plant survival: The pollination success of tagged G. littorale plants was determined on 23 April 2013. Of the 
remaining 131 labelled plants, only 60, or less than half the sample (45.8%) remained in a viable condition 
(Table 6). A quarter of the plants (24.4%) were lost to herbivores, which removed the inflorescences and 
varying proportions of the stem. Another quarter (25.2%) of the plants was missing altogether, i.e. no above 

ground parts remained. It is likely that most of these were also lost to herbivory, suggesting that up to half the 
plants were consumed before they could produce seed. A small proportion of plants (3.8%) had shrivelled 
inflorescences for unknown reasons. 

Viscidium 

Labellum callus 

Nectar droplet 

Fig. 4. Nectar droplets in the groove of the Genoplesium littorale labellum callus. In walking up the labellum of the flower 

towards the base while consuming nectar, the pollinator contacts the viscidium which adheres to its thorax. 



52 Telopea 18: 43-55, 2015 Bower, Towle, Bickel 

Table 6. Loss of Genoplesium littorale plants to herbivory across four sub-populations. 

Group 
Herbivory Missing Shrivelled Extant 

Total 
No. % No. % No. % No. % 

A 4 12.5 6 18.8 1 3.1 21 65.6 32 

B 10 52.6 6 31.6 1 5.3 2 10.5 19 

C 13 25.5 18 35.3 2 3.9 18 35.3 51 

D 5 17.2 3 10.3 1 3.4 19 65.5 29 

Total 32 24.4 33 25.2 5 3.8 60 45.8 131 

Levels of herbivory were much higher in groups B and C than in groups A and D (Table 6). The differences in 
herbivory (partially consumed plus missing plants) between groups is highly significant (P<0.001, chi square 
test). 

Fruit set: The overall proportion of flowers setting fruit on the surviving 60 plants averaged 42.6% across the 
whole study area (Table 7). Fruit development was highest in groups B and D, 57.9 and 55.0%, respectively, 
although there were only 2 extant plants on area B (Table 7). The percentage of fruit set in groups A and C 
was almost half that in groups B and D. The percentage of fruit set differed significantly (P<0.05) between 
subpopulations A and D, and C and D (Table 8). 

Table 7. Numbers of surviving plants, viable flowers and fruit capsules in four sub-populations of Genoplesium littorale 
(Analysis of Variance showed significant differences among the mean percentages of fruit capsules between sub-popula¬ 
tions, PcO.OI). 

Group No. of extant plants Total viable flowers Mean flowers/plant Fruit capsules 

Total Mean/plant Mean percent 

A 21 215 10.2 65 3.1 27.1 

B 2 43 21.5 25 12.5 57.9 

C 18 212 11.8 74 4.1 34.1 

D 19 225 11.8 132 6.9 55.0 

Total 60 695 11.6 296 4.9 42.6 

Table 8. Least Significance Difference (LS D) tests (P<0.05) for percentages of fruit capsules among the pairs of sub-pop¬ 
ulation means in Table 7. (The Least Significant Difference for each comparison is in the upper right and the significant 
differences are in the lower left.) 

Sub-populations A B C D 

A - 16.4095 16.1964 37.8544 

B no - 16.8254 38.1277 

C yes yes - 38.0272 

D no no no - 

Discussion 

Pollinators: In agreement with previous observations on other species of Genoplesium (Bower, 2001a), this 
study found the pollinators of G. littorale are five putative species of small flies in the family Chloropidae. This 
family is widespread, but poorly known in Australia (Colless and McAlpine 1991). The chloropid pollinators 
of G. littorale are common, and result in high pollination percentages on some plants. High pollination levels 
are likely when inflorescences at the peak of their attractiveness coincide with warm days above 25°C, which 
favour chloropid activity. Such conditions occurred when this study was undertaken in mid-March 2013 and 
2014 (Fig. 3). Over three days of collection in 2013, in excess of 50 observations of pollinators on plants were 
made, on occasions with multiple individuals of two different chloropid species on the same plant. Similarly 
in 2014, 33 chloropids in the same four putative Conioscinella species as in 2013 were collected over four days 
and many more were observed. G. littorale is stimulated to flower by high rainfall in late summer and early 
autumn, which may also stimulate emergence of adult chloropids, thereby achieving synchrony between plant 
and pollinator. 
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Pollinator specificity: The specific relationship between outcrossing Genoplesium species and pollinators in 
the related fly families Chloropidae and Milichiidae is unusual, especially for orchids providing nectar rewards. 
Generally, when nectar is available, it is exploited by a diverse range of insects from several insect orders, 
e.g. Hymenoptera, Diptera, Coleoptera and Lepidoptera, and many families and genera within them. This is 
true of the nectar-rewarding orchid genus Prasophyllum, that is closely related to Genoplesium (Bower 2001b). 
However, although there is a specific relationship between Genoplesium and the families Chloropidae and 
Milichiidae, pollinator specificity is lacking at the species level in G. littorale, which attracts multiple chloropid 
species as pollinators and accordingly is oligophilous. G. littorale is only the second Genoplesium species clearly 
shown to attract multiple chloropid or milichiid fly species. Bower (2001a) reported that flies collected on 
G. aff. rufa by A. Logan included two chloropid species and a milichiid, although it was not determined if all 
were capable of effecting pollination. 

Pollination mechanism of Genoplesium littorale: The high levels of pollinaria removal (71% in post anthesis 
flowers) and the presence of pollen on the stigmas of 98% of flowers developing fruit indicates G. littorale 
is dependent on its chloropid vectors for pollen transfer (Table 5). Observations of floral morphology did 
not support the existence of autogamy or apomixy in G. littorale. If G. littorale was obligately autogamous all 
flowers would retain the pollinarium as a prerequisite for autogamy. However, the data show the pollinarium 
is always removed as a whole, and was removed from over 70% of flowers, which clearly precludes autogamy 
in those flowers. If the flowers were facultatively autogamous, those that retain their pollinarium and are not 
pollinated by vector transfer would develop fruit. All 15 such flowers in the inflorescence examinations failed 
to develop fruit. In any event, detailed examination of 141 flowers found no mechanism for self-pollination. 
Finally, the percentages of flowers setting fruit are well below the high levels expected for autogamy or apomixy 
in orchids (Neiland and Wilcock 1998). It is concluded that G. littorale is an obligately outcrossing species 
dependent on pollen vectors in the family Chloropidae. 

Pollination strategy: The presence of nectar was observed in G. littorale (Fig. 4) in this study confirming 
nectar reward. However, the absence of nectar on five out of six flowers photographed in the field suggests that 
nectar is quickly removed by pollinators. The presence of nectar on 55% of flowers stored for one or two days 
in refrigerated vials supports the conclusion that nectar is rapidly removed by insects in the field. The nature of 
the nectar was not investigated in this study. Nectar composition may provide important clues to the specific 
attraction of chloropids to Genoplesium. 

The biological basis of the specific relationship between Genoplesium and chloropids and/or milichiids is 
unknown. It has generally been assumed that Genoplesium attracts chloropids with food odours and a nectar 
reward (Bower 2001a). However, the specificity of the attraction suggests that Genoplesium flowers may be 
offering a specialised reward uniquely attractive to chloropids and milichiids. Detailed searches of 29 flowers 
and examination of 141 others revealed no oviposition by chloropids, ruling out the brood site mimicry 
hypothesis. Similarly, the lack of strong dung or carrion-like odours suggests G. littorale is unlikely to be 
sapromyophilous. 

An intriguing possibility is that outcrossing Genoplesium species maybe another example of £kleptomyiophily, 

so far known only from Aristolochia rotunda, which is pollinated mainly by three species of female chloropids 
(Oelschlagel et al. 2014). Similar to A. rotunda the dominant pollinators in this study were female chloropids, 
tentatively assigned to five species. In both A rotunda and G. littorale a small proportion of the pollinators were 
male chloropids of the same species. However, by contrast with A. rotunda, which provides no reward for its 
pollinators (Oelschlagel et al. 2014), G. littorale, and other Genoplesium species, produce nectar upon which 
pollinators feed. Clearly, much remains to be learnt about the attraction of chloropids to Genoplesium and the 
nature of the rewards offered. 

Reproductive success: In the 2013 season, between 27 and 58% of flowers in the four sub-populations of 
G. littorale developed fruit capsules, mean 44%, which indicates relatively high reproductive success (Table 
7). The pollination levels found in this study compare favourably with those recorded in orchids generally, 
which are often very low (Gill 1989, Neiland and Wilcock 1998, Tremblay et al. 2005). The mean fruit to 
flower ratio of 44% in G. littorale is similar to that typically found in orchids providing nectar rewards and 
much higher than the average of deceptive species (Neiland and Wilcock 1998, Tremblay et al. 2005). For 30 
nectar-rewarding orchid species, mean fruit set was 50.8% (range 12.5 to 96.0%), whereas 73 deceptive species 
averaged 22.2% (range 0 to 69.5% ) fruit set (Neiland Wilcock 1998). Equivalent fruit set data from Tremblay 
et al. (2005) for temperate species only is: 58% rewarding species, 41.8% (range 0 to 96.6%); 76 deceptive 
species, 28.4% (range 1 to 69.5%). 

Herbivory: Results showed that less than half the inflorescences survived from flowering to fruit capsule 
maturity. Most were lost to herbivory. Losses were greatest in areas with dense shrub cover and least in open 
areas, or counter-intuitively, close to a main road, firebreak and residences, where adverse influences due to 
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humans might be expected. Herbivory as a threatening process for rare and endangered Australian orchids 
is a significant issue (Petit and Dickson 2005, Faast and Facelli 2009). The high loss of G. littorale plants 
to herbivores is of concern for this critically endangered species within its highly restricted distribution. 
Consideration should be given to more intensive management of this population to minimise herbivory, 
particularly herbivore proof fencing. 
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Abstract 

A lectotype is here designated for Actinotus paddisonii R.T.Baker (Apiaceae: Mackinlayoideae), a species occurring in 

Queensland, New South Wales and possibly Western Australia. 

Introduction 

Actinotus paddisonii R.T.Baker (Apiaceae) occurs in Queensland and New South Wales. Several specimens of 
Actinotus collected in Western Australia are given the phrase name Actinotus sp. Comet Vale (A.V. Milewski 
1093) (FloraBase 2015). However, they are possibly conspecific with A. paddisonii, and require further study in 
order to determine their taxonomic status. 

The current paper lectotypifies Actinotus paddisonii which was originally published (Baker, 27 September 
1905) as ‘Paddisoni’ without citation of specimens. One or more collections of this species were displayed at 
the April, 1904 meeting of the Linnean Society of New South Wales, but Baker indicated that he required better 
material before formally publishing his new species (Baker 1905, p. 226). In describing A. paddisonii, he noted 
that the new species had been discovered by “Mr. A. Paddison of New Angledool” and that “it is named after 
Mr. A. Paddison ...” Type material was sought by searching records in Australia’s Virtual Herbarium (AVH; 
CHAH 2015) and Global Plants (JSTOR 2015). Collections were examined at NSW, and the latter website 
enabled the examination of an image of a specimen held at MEL. 

A lectotype is here selected from amongst specimens collected by Arthur Paddison of New Angledool that would 
have been received by Baker prior to publication of the protologue. Baker (ex Curator of the Technological 
Museum, Sydney) is likely to have used these specimens to produce the published description of Actinotus 
paddisonii. The designated lectotype, NSW250718 (Figure 1), includes flowering and fruiting material that 
reflects the original description, and the features illustrated in Plate IV of the protologue. The left element on 
the sheet appears to have formed the basis of the illustration of this plate. An original drawing by Baker (held 
at NSW), likely to have been used for the plate, is shown in Figure 2. 

© 2015 Royal Botanic Gardens and Domain Trust 



58 Telopea 18: 57-60, 2015 Kodela and Hen wood 

NATIONAL HERBARIUM OF NEW SOUTH WALES (NSW) 
Royal Botanic Gardens, Sydney 

TYPE. 

Actinotus paddisonii R.T.Baker 

LECTOTYPE 

Dct.: P.G. Kodela & MJ. Henwood 14 Jan 2015 

AP1ACEAE 

Loc.: New Angledool. 

AUSTRALIA NSW North Western Plains 
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Fig. 1. Designated lectotype of Actinotus paddisonii R.T.Baker (NSW250718). 
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Fig. 2. Original drawing of Actinotus paddisonii R.T.Baker used for plate IV of the protologue. Pencil on paper, R.T. Baker. 
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NSW575612 is undated but is possibly part of the same collection as NSW575611. It is mounted on cardboard 
and is annotated by Baker (in his hand writing) as “Actinotus paddisoni sp. nov.”; indicating it was possibly 
used for a presentation to the Linnean Society of New South Wales in April, 1904. This material is mostly in 

advanced stages of fruiting, and Baker (1905, p. 226) indicated that it, alone, was not adequate for describing 
the species, writing in 1905 that since the exhibition “more perfect data” had been obtained to enable it to 
be “now described as new”. The additional “data” are likely to include Paddisons March 1905 collections, 
which contain more flowering material. However, we did not find any annotations by Baker to indicate that 
he recognised the 1905 specimen, alone, to be the “type”. Thus, there is no unequivocal evidence that the 
specimen collected by Paddison in 1905 should be considered to be the holotype. The specimen annotated by 
Baker for presentation to the Linnean Society of New South Wales in 1904 provides further evidence that Baker 
used Paddisons 1904 collection to partially develop his concept of this species. Under these circumstances it is 
necessary for us to designate a lectotype for A. paddisonii. 

Nomenclature 

Actinotus paddisonii R.T.Baker, Proceedings of the Linnean Society of New South Wales 30(2): 225, pi. iv (27 Sep 
1905) 

Lectotype (heredesignated): NewAngledool,March 1905,A. Paddisons.n. (NSW250718);isolecto:MEL230039 

Residual syntypes: Angledool, March 1904, A. Paddison s.n. (BRI, CANB, MEL, NSW575611, PERTH); 
probable residual syntype: New Angledool, [undated], A. Paddison s.n. (NSW575612) 
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Abstract 

Goodenia effusa is described as new. It is an annual herb from north Queensland with morphological affinity to G. virgata, 

G. armitiana and G. triodiophila. A diagnostic table of morphological differences is provided, along with illustrations and 

a distribution map of this new species. 

Introduction 

Goodenia R.Br. is a genus of approximately 190 species, nearly all of which are endemic to Australia (AVH 2015). 
Since the ‘Flora of Australia’ account dealing with 179 species (Carolin 1992), many new species have been 
discovered and described, principally from northern and western Australia (Cranfield and Sage 1997; Sage 
2000,2001; Albrecht 2002; Holland and Boyle 2002; Sage and Dixon 2005; Cowie 2005; Sage and Albrecht 2006; 
Sage and Kelly 2007; Lang 2008). In Queensland, numerous new collections have recently become available 
from previously poorly collected areas in the north. Among these collections, a previously undescribed species 
was discovered from north Queensland pastoral districts of Cook and Burke (as defined by Anonymous 1975) 
in the IBRA regions of Einasleigh Uplands and Gulf Plains (IBRA7 2012) (Fig. 3). This new species belongs 
in Goodenia subgenus Goodenia, section Goodenia, subsection Ebracteolatae K.Krause (Carolin 1992) and is 
morphologically similar to G. virgata Carolin, from central Australia. It is also similar to G. armitiana F.Muell., 
which occurs in the same area and G. effusa, and to G. triodiophila Carolin which usually occurs further west 
around Mt Isa but the distribution overlaps at Croydon (AVH 2015). 

Terms for corolla parts used by Carolin (1992) include ‘abaxial lobes’ (the three shorter or fan lobes) and 
‘adaxial lobes’ (the two longer lobes) which often have a distinctive auricle on one side. These auricles on the 
adaxial lobes sometimes overlap to cover the indusium in early flowering (Fig. 2). 

Goodenia effusa A.E.Holland sp. nov. 

Diagnosis: Goodenia effusa A.E.Holland differs from Goodenia virgata Carolin by the terete basal leaves, and 
the usually larger corolla (12-16 mm). It differs from Goodenia armitiana F.Muell. and Goodenia triodiophila 
Carolin by the plants drying black and the corolla lobe wings tapered to lobe apex. 

Type: Queensland: Cook District: Flat Creek, c. 50 km south of Georgetown, M.T. Mathieson 1094, 
23 May 2011 (holo: BRI-AQ831527, iso: DNA). 

© 2015 Royal Botanic Gardens and Domain Trust 
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A diffuse annual herb to 40 cm tall, with numerous erect, ascending and/or straggling stems, the whole plant 
drying black. Stems slender, to 1 mm diam., striate, glabrous, occasionally with small tufts of cottony hairs 
in basal axils, not viscid. Leaves all similar (basal and cauline), ascending and often curving, slender, terete, 
10-70 mm long, 0.3-0.5(-l) mm diameter; apex acute and slightly reflexed, glabrous. Inflorescences racemes to 
15 cm long, or subumbels (reduced racemes), 2-5(-15)-flowered. Bracts subtending flowers similar to leaves, 
reducing distally. Pedicels slender, ascending and curving upwards, 8-35 mm long, longer or shorter than 

the subtending bract, articulated c. 1 mm below ovary, glabrous or with a few scattered glandular or simple 
hairs towards apex, persisting after capsule has fallen. Bracteoles absent. Calyx 3-5.5 mm long, sparsely to 
moderately hairy with short spreading simple hairs and/or glandular hairs; sepals adnate to ovary in lower half, 
lobes subequal, narrowly ovate, 2-4 mm long, 0.4-0.8 mm wide, acute. Corolla 12-16 mm long, yellow, with 
veins brown; outer surface sparsely to moderately hairy with a mixture of short spreading simple hairs and 
glandular hairs; inner surface hairy in lower half with hairs retrorse, simple, without enations; anterior pouch 
prominent, c. 2 mm long, equal to or shorter than the ovary; abaxial lobes 1.5-3 mm long, acute or obtuse, 
with 5 prominent veins; lobe wings 1-2 mm wide, attached to upper two thirds to three quarters of lobe and 
extending well beyond lobe to form an acute angle with the lobe apex, margin of wing entire or somewhat 
erose, apex of wing acute to obtuse; adaxial lobes 4-8 mm long, otherwise similar to abaxial lobes; with wings 
1.5-2.5 mm long, 1-2 mm wide and merged with the auricle on one side; auricles c. 2.5 mm long and slightly 
wider than wing, sometimes speckled. Staminal filaments 2-3 mm long; anthers 1-1.5 mm long, with minute 
processes at tip. Ovary 2-3 mm long, not ribbed, rounded at base, moderately hairy with short stiff spreading 
hairs sometimes mixed with glandular hairs; septum less than one quarter of ovary length; ovules 6-8; style 
somewhat flattened, 4-6 mm long, glabrous or with a few scattered hairs to 0.3 mm long; indusium depressed 
oblong, slightly folded inwards, 1-1.5 mm long, 1.5-2 mm wide, densely hairy with multicellular white or 

translucent hairs at base, many of these equalling the indusium length; bristles on lips to 1 mm long, white. 
Capsule globose to somewhat longitudinally flattened, 4-6 mm long, 3.5-6 mm wide, rounded or slightly 
tapered at each end, 2-valved, with valves dehiscing longitudinally to base; seeds 6-8, suborbicular, colliculate, 
brown, 3-5.5 mm diam. including c.l mm wide wing. Figs 1, 2. 

Additional specimens examined: Queensland: Burke: 9.7 km from Croydon on the Croydon to Normanton road, 

K.R. McDonald2247 & J.A. Covacevich, 30 Apr 2004 (BRI). Cook: 32.1 km along Bulimba road from the junction with Burke 

Development road, K.R. McDonald 2360 & J.A. Covacevich, 3 May 2004 (BRI); 14.5 km along Blackdown Station road, off 

the Chillagoe to Wrotham Park road, PJ. Forster 24350 & R. Booth, 11 May 1999 (BRI); Eastof Dimbulah, edge of township, 

K.R. McDonald 8834, 24 Mar 2010 (BRI); Near Petford on Irvinebank road, K.R. McDonald 6184 & A. Sellers, 15 Mar 2007 

(BRI, DNA); 1 km SW of Lappa Junction on S side of railway, P.I. Forster 30744 & K.R. McDonald, 12 Apr 2005 (BRI); 

Near‘Hindu Corner’, 4.8 km from Petford, D.E. Symon 4876,23 May 1967 (AD, BRI, CANB); 17.2 km by road W of Irvinebank 

towards Petford, K.R. McDonald 6174 & A. Sellers 15 Mar 2007 (BRI); 22.7 km along Abingdon Downs road from Gulf 

Development road, K.R. McDonald 6194, 16 Mar 2007 (BRI); 10.5 km along Richmond road from junction with Croydon 

- Normanton road, K.R. McDonald 2238 & J.A. Covacevich, 29 Apr 2004 (BRI); 2 km from Einasleigh along the Einasleigh 

to Forsayth road, K.R. McDonald 2559, 22 May 2004 (BRI); 4.5 km S along track off Gregory Development road just 

W of Einasleigh River near Carpentaria Downs, E.P. Addicott 67 & M.R. Newton, 22 Apr 1999 (BRI, CNS); 73.6 km by road 

N of the Gilberton turnoff, K.R, McDonald 5508, 22 July 2006 (BRI); c. 245 km N of Hughenden on the road to the Lynd, 

S.W. Jacobs 9917, 9 Jun 2008 (BRI, CANB, NSW); 9.2 km by road from Ortona Station boundary towards Agate Creek, 

Gilbert River Holding, K.R, McDonald 6970, 12 Oct 2007 (BRI); Gilbert River Station, 3.4 km by road from Robin Hood 

Station boundary gate, K.R. McDonald 5445 & J.A. Covacevich, 23 July 2006 (BRI); Gilbert River Holding, 2.6 km along 

the road from boundary with Robin Hood Station, K.R. McDonald 15500, 19 Apr 2014 (BRI); c. 14.5 km S of The Lynd 

road junction on the road to Hughenden, J.R. Clarkson 183, 15 May 1975 (BRI, CANB). 

Distribution and Habitat: Goodenia effusa is confined to northern Queensland, between Chillagoe in the 
north and the Lynd junction in the south, and between Croydon in the west and Dimbulah in the east 

(an area locally known as the northern goldfields). It occurs in open woodland of Eucalyptus cullenii, E. whitei or 
E. melanophloia, sometimes with Melaleuca spp. with grassy or shrub understorey, on ridges, low hills and flats, 
in sandy soil, sandy clay or stony soil. It also occurs in disturbed areas on roadsides. Fig. 3. 

Etymology: The species epithet refers to the many-stemmed diffuse habit. 

Flowering: Goodenia effusa flowers mainly in the wet season in March, April and May, and occasionally at 
other times (June, July, August, October) probably in response to rain. 

Conservation: Goodenia effusa occurs across a wide geographical range, and is variously described on the 
specimen label notes as common or occasional. It is therefore not considered to be threatened at present. 

Affinities: The morphological differences and similarities between G. effusa, G. virgata, G. armitiana and 
G. triodiophila are listed in Table 1. Goodenia virgata is most easily distinguished from G. effusa by the flat basal 
leaves 1-4 mm wide (terete and 0.3-0.5 (-1) mm wide in G. effusa), flowers 8-12 mm long (12-16 mm long in 
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G. effusa), and pedicels 4—10(—15) mm long (8-35 mm long in G. effusa). The two species have widely disjunct 
recorded distributions and G. virgata is not known to occur in Queensland (occurring in Western Australia 
and the Northern Territory). 

Goodenia armitiana and G. triodiophila have overlapping distributions and habitat with G. effusa, and are 
easily confused in the field. Both G. armitiana and G. triodiophila can be distinguished from G. effusa by the 
differently shaped wings on the corolla lobes, these tapered to the apex of the lobe and not extending beyond 
as is the case for G. effusa. Goodenia armitiana is also distinguished from the other three species by the viscid 
stems and leaves, and G. triodiophila by the wider indusium (2.5-3 mm) and fruit (6-8 mm). In the herbarium, 
G. effusa is readily distinguished from G. armitiana and G. triodiophila by drying black. 

Fig. 1. Illustration of Goodenia effusa: A, habit; B, mature flower (partly dissected), showing pedicel, calyx, corolla and 

indusium; C, adaxial corolla lobe with auricle; D,E, indusium (lateral view); F, fruit, in situ, showing pedicel and capsule 

extending beyond calyx ; G, seed, a from McDonald 6184 (BRI); b,c,d,e from McDonald 5582 (BRI); f,g from McDonald 

2247 (BRI). Illustration: Will Smith. 
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Fig. 2. Goodenia effusa early flower with corolla lobe auricles overlapping and hiding the indusium. The corolla lobe wings 

have obtuse apices in this specimen (photograph: Keith McDonald - McDonald 115500). 

Fig. 3. Distribution of Goodenia effusa in northern Queensland, Australia, with highways (grey lines); insert map (upper 

right) detail showing distribution between Cairns and Croydon. 
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A key to the species of Goodenia in Queensland is available on KeyBase (2015). 

Notes: An examination of the holotype of G. virgata (NSW106414) (images available at http://plants.jstor.org) 
and 16 other specimens of G. virgata from central Australia (all of the available material at NT) has revealed 
that G. virgata has pedicels 4—10(—15) mm long, shorter than the 15-25 mm described by Carolin (1992). 
The cauline leaves were also shorter on the observed specimens, with none longer than 4 cm. The prominent 
pulvinus’ described by Carolin (1992) is indistinguishable from that of related species, at least when dry, and 
is therefore is not regarded as a useful taxonomic character. 

This taxon is here given species status, as there are no apparent intermediates with the most morphologically 
similar species, G. virgata, and the two distributions are widely separated (AVH 2015). However, molecular 
phylogenetic research is needed to further resolve the relationships in the group. 

Table 1. Summary of diagnostic characters for Goodenia effusa and morphologically similar Goodenia species. 

Note: measurements by the author agreed with those given by Carolin (1980; 1992), except those marked (*) 
(see notes above for explanation). 

Morphological 
characters 

G. effusa G. virgata G. armitiana G. triodiophila 

Drying colour drying black drying black drying green drying green 

Stems not viscid not viscid viscid not viscid 

Leaf length 1-7 cm 0.4-4 cm* 3-6 cm 4-10 cm 

Lower leaf shape terete flat terete terete 

Lower leaf width 0.3-0.5 (-1) mm 

diam. 

1-4 mm wide 0.5-1.5 mm diam c. 1 mm diam 

Leaf hair None sparse or none few scattered few scattered 

Pedicel length 8-35 mm 4-10 (-15) mm* 20-40 mm 8-30 mm 

Corolla length 12-16 mm 8-12 mm 8-10 mm 10-12 mm 

Adaxial corolla lobe 
wing shape 

extending well 

beyond lobe apex, 

forming an acute 

angle at lobe apex 

extending well 

beyond lobe apex, 

forming an acute 

angle at lobe apex 

tapered to lobe apex 

forming an obtuse 

angle at apex. 

Tapered to lobe apex 

forming an obtuse 

angle at lobe apex. 

Indusium width 1.5-2 mm 1.5-2 mm 1.5-2 mm 2.5-3 mm 

Fruit width 3.5-6 mm 5-7 mm 4-6 mm 6-8 mm 
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Abstract 

Epacris browniae (Ericaceae) is described from the Blue Mountains, 100 km west of Sydney, New South Wales. Its habitat is 

dry, rocky, montane heath, scrub and escarpment complex, all on Narrabeen sandstone. It is an erect, woody, virgate shrub 

with glabrous or almost glabrous branchlets, non-pungent trullate leaves, leaf petioles that separate from a crescentic scar 

at the junction with the stem, flowers that extend well down the branchlets, opening basipetally, a corolla that is shorter 

than the sepals and lobes longer than the corolla tube. The flowering period is late October through to early December. 

The habitat, known geographic distribution and conservation status are considered. 

Introduction 

In late October 2009 a single specimen of a morphologically distinctive Epacris was discovered on a southern 
slope in south Leura in New South Wales. By the time that this Epacris was confirmed as new to science it had 
finished flowering and a search for other plants was postponed for a year. In November 2010 three unsuccessful 
searches were conducted in the same locality. It was then predicted that suitable habitat might be the plateaus 
and slopes adjoining the Narrabeen sandstone escarpments that define the edge of the upper Blue Mountains 
plateau. Searching based on these criteria found this species at 25 locations in the upper Blue Mountains and 
voucher specimens from 15 of these locations were lodged with the National Herbarium of New South Wales 
(NSW). Populations at these sites ranged in size from three plants to several thousand plants. 

Examination of Epacris collections at NSW revealed specimens of this new taxon amongst sheets of Epacris 
microphylla R.Br. var. microphylla and Epacris microphylla var. rhombifolia L.R.Fraser & Vickery, both somewhat 
similar to the new species. This assessment was based on a set of diagnostic criteria developed to recognise the 
new entity. Collections from the botanical subdivisions of Northern Tablelands, Central Coast, Central Tablelands, 
South Coast, Southern Tablelands, and Central Western Slopes (Jacobs and Pickard 1981) were surveyed. Ten 
sheets were found within Epacris microphylla var. microphylla and one within E. microphylla var. rhombifolia. All 
these occurred within the Central Tablelands subdivision. Four of these were within the area predicted on the 
basis of suitable habitat, while the remaining six slightly extended the predicted geographic range. This taxon is 
ecologically and morphologically distinct and is here described as a new species, Epacris browniae. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Description 

Epacris browniae D.Coleby, sp. nov. 

Diagnosis: Epacris browniae D.Coleby may be distinguished from its two closest relatives, E. microphylla R.Br. var. 
microphylla and E. microphylla var. rhombifolia L.R.Fraser 8c Vickery, by its broadly trullate, concave, spreading 
leaves with a non-pungent mucro; it has glabrous or almost glabrous branchlets, a preference for dry, rocky habitat, 
flowering late October to early December; and has acrotonic new growth accompanying flowering. 

Holotype: New South Wales: Central Tablelands: Blue Mountains National Park, 50 m SSE of Sunset Rock, 
off Kedumba Valley Road, off Tablelands Road, Wentworth Falls,. 33° 45'49" S, 150° 22' 20.9" E, 29 Oct 2014, 
D. Coleby 1429 (NSW880256). Isotypes BRI, CANB, EIO, MEL. 

Erect, woody, virgate shrub, without a lignotuber (Fig. 1 A), usually to 1 m high (Fig. IB) but older specimens 
can be up to 1.8 m high and with canopy over 1 m wide (Fig. 1C); one to several stout woody stems, each 
up to 30 mm diam., crooked, grey-brown, with random network of longitudinal ribs on thin papery bark 

(Fig. ID); stems repeatedly branch above c. 0.3 m to form canopy of smaller, erect, leafless but leaf-scarred 
grey-brown branches; terminal branchlets erect, rounded, glabrous or almost glabrous (Fig. IE), brown, usually 
2-5 cm long, 1-1.2 mm diam.; acrotonic new branchlets accompanying flowering (Fig. 2A). Leaves crowded 

in regular array on branchlets (Fig. IE), becoming more distant as older branches extend, spreading at right 
angles to branchlet; petiole rigid, slightly concave, straw-coloured, fibrous, 0.7-0.8 mm wide and 0.8 mm 
long, held erect at 45° from a broad crescentic leaf scar on branchlet; lamina broadly trullate, 3-3.5 mm long, 
2.5-3 mm wide, curved downwards, rigid, thick, glabrous, markedly concave, dark green and shining above, 
somewhat paler and duller below, with keel not significant except for a slight thickening of the lamina towards 
apex; base truncate to cordate (Figs IF, 2E); margin entire, glabrous; apex rounded, obtuse, more brown than 
green; mucro at apex short, blunt, upturned; veins 5, parallel, visible on abaxial surface (2 often indistinct); 
Inflorescence compact, leafy, regular, spicate, basipetal (Fig. 2A); flowers solitary in leaf axils; peduncles pale 
straw-coloured, c. 0.5 mm wide, 2.5 mm long from axil to receptacle; bracts several, small, imbricate, with 
apex acute, hyaline, pale, grading in size and shape to sepals. Sepals glabrous, elliptical, concave, hyaline, pale 

green sometimes with longitudinal red-brown stripe; base cuneate; margin minutely dentate; apex acute, 2-2.2 
mm long, 1-1.2 mm wide (Fig. 2D). Corolla white, glabrous, campanulate, 5.5-6.5 mm diam. (Fig. 2C); tube 
1.8-2 mm long, 2-2.5 mm diam. at throat; lobes spreading, 2-2.5 mm long, broad and flat, with apex obtuse, 

rounded. Stamens adnate to petals for most of their length; filaments of equal length, white, triangular, c. 
0.7 mm long; anthers just within or level with throat of corolla, attached to filament at mid-point, angled 
towards floral axis, red-brown, c. 0.7 mm long (Figs 2A, 2B). Pistil with ovary either apple-green or red-brown 
(Fig. 2D), glabrous, 5-locular, superior; style simple, cylindrical, either apple-green or red-brown (Fig. 2B), 

0.35 mm diam., shorter than corolla; stigma capitate, warty, straw-coloured, 0.5 mm diam.; pollen grains silvery 
white. Fruit a capsule, brown, c. 2 mm long. 

Flowering: Late October through to early December, but mainly November. 

Etymology: The epithet honours the memory of Dr Elizabeth Brown (1956-2013), a research bryologist, an 
Epacris expert, and formerly the Scientific Editor of Telopea, who worked for nearly 24 years at the National 
Herbarium of New South Wales. 

Other specimens examined: New South Wales: Central Tablelands: Centennial Glen, Blackheath, G. D’Aubert 683 & 

G. Tague, 13 Mar 1996 (NSW); Narrow Neck Peninsula, Katoomba, J.M. Powell 267, 20 Aug 1975 (NSW); track to Anvil 

Rock, Blackheath, P.C. Jobson 5486, 22 Mar 1998 (NSW); Warragamba [Wollangambe] River, Mt Wilson, N. Gregson s.n., 

1 Aug 1906 (NSW440677); Mt Wilson,/.H. Maiden s.n., Oct 1899 (NSW440678); Mt Victoria, R.H. Cambage 4095,1 Aug 

1914 (NSW); Mt Banks, W. McReadie s.n., Sep 1961 (NSW440972); Du Faurs Rocks to Wollangambe Creek,!. A. S. Johnson 

s.n., 23 Sep 1949 (NSW441163); Zig Zag, Lithgow, E.J. McBarron 9227, 31 Aug 1964 (NSW); Little Switzerland Road, 

Kings Tableland, T.A. James 243 & R. Coveny, 26 Oct 1982 (NSW); Blue Mountains National Park, bushland between Cliff 

View Road and Willoughby Road, Leura, D. Coleby s.n., 16 Oct 2009 (NSW797757); Moya Point, Leura, D. Coleby 1431, 

4 Nov 2014 (NSW); Scout Trail near Inspiration Point, Leura, D. Coleby 1432,4 Nov 2014 (NSW); southern undercliff flank 

of Butterbox Point, D. Coleby 1433, 5 Nov 2014 (NSW); southern flank of Mt Hay, D. Coleby 1434, 5 Nov 2014 (NSW); 

100 m S of Lincolns Rock, Kings Tableland, D. Coleby 1435.12 Nov 2014 (NSW); trail 150 mN ofW end of Hordern Road, 

Wentworth Falls, D. Coleby 1436.12 Nov 2014 (NSW); Kedumba Walls, Kings Tableland, Wentworth Falls, D. Coleby 1437, 

12 Nov 2014 (NSW); 30 m NW of Princes Rock, Wentworth Falls, D. Coleby 1449, 14 Nov 2014 (NSW); 100 m SW of 

carpark at Anvil Rock,D. Coleby 1450,17 Nov 2014 (NSW); Upper Shipley Plateau, W of Centennial Glen,D. Coleby 1451, 

17 Nov 2014 (NSW); 250 m NW of Castle Cliff Trig Point, Castle Head, D. Coleby 1452,18 Nov 2014 (NSW); Sir H Burrell 

Drive, Wentworth Falls Lookout, D. Coleby 1453,21 Nov 2014 (NSW); 150 m NNW of Fletchers Lookout, Wentworth Falls, 

D. Coleby 1454,21 Nov 2014 (NSW); summit of Flagstaff Hill, Bell, D. Coleby 1455,22 Nov 2014 (NSW). 
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E F 

Fig. 1. Epacris browniae. A. Habit, lignotuber not present; B. Habit, in situ; C. Habit, in situ, shrub with broad canopy; 

D. Woody stems; E. Detail of branchlet and leaves, showing almost glabrous branchlets, spreading leaves and leaf scars; 

F. Detail of leaves, concave, showing adaxial and abaxial surfaces. 
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Fig. 2. Epacris browniae. A. Habit, showing basipetal inflorescenes and acrotonic new branchlets accompanying 

flowering; B. Detail of inflorescence and flowers, showing red or green ovaries and styles; C. Detail of corolla, showing 

how slightly rolled petals reduce diameter of flower from 6.5 to 5.5 mm (Scale = 1 mm); D. Old flower, with corolla 

discarded, with some bracts and minutely dentate sepals remaining, both exhibit either green or red longitudinal stripes; 

(Scale = 1 mm).E. Detail ofleaves, showing abaxial leaf surfaces of£. microphylla var. microphylla (leff),£. browniae (centre) and 

E. microphylla var. rhombifolia (right) (Scale = 1 mm); F. Acrotonic new growth of E. microphylla var. microphylla (left), 

E. browniae (centre) and£. microphylla var. rhombifolia (right) (photographed 16 Dec 2014). 

E microphylla E browniae E microphylla 
var microphylla var rhombifolia 
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Morphologically similar species: Epacris browniae differs from nine other Epacris species in New South Wales 
whose corollas are shorter than the sepals and the lobes of the petals are longer than the corolla tube length. 
The principal differences are that the leaves of E. browniae are neither acute nor acuminate, as with E. microphylla 
var. microphylla, nor are the branchlets villous, but rather almost glabrous, that is, if the hairs are present, then 
they are very short and sparse, and may be confined to the upper parts of leaf axils. Furthermore, leaves of 
E. browniae are markedly concave (Figs IE, IF, 2E), thick, spreading, and slightly decurved, whereas leaves of 
E. microphylla var. microphylla are flatter, acuminate and recurved; leaves of E. microphylla var. rhombifolia are 
pale, flat, thin, imbricate and rhomboid (Fig. 2E), but with a small, blunt recurved mucro. 

Epacris browniae exhibits basipetal flowering in late spring (mainly in November) at the same time as the 
plant is putting on acrotonic new growth. In the Blue Mountains, E. microphylla var. microphylla flowers in 
late winter (July-September), well before the acrotonic phase of new growth in spring. In the Blue Mountains, 

E. microphylla var. rhombifolia flowers in mid-spring (October-November) accompanied by acrotonic 
new growth. This flowering time differs from the flowering time of this species at other locations, such as 
Mt Baw Baw, in the Victorian high country, where it has been observed to flower in January (R. Crowden, pers. 
comm.). The photograph taken in mid-December 2014 (Fig. 2F) shows all three species after flowering. 

Habitat and environment: Epacris browniae is an upland species that favours dry, rocky, windy outcrops in 
the Blue Mountains of New South Wales, in plateau communities such as Scrub, Montane Heath, and Blue 
Mountains Escarpment Complex (BMCC 2002). It does not grow in association with trees nor in swamps, 
soaks, bogs, fens or any other wet places. 

Epacris browniae appears to be limited to Triassic Narrabeen sandstones of the upper Blue Mountains. 
The strata have been uplifted and weathered to form high cliffs and wide steep gorges with undulating plateaus 
and ridges. These sandstones weather to free-draining, sandy, depauperate siliceous soils of low phosphorous 
and clay content, typically yellow podsols and earths, lithosols and colluvial scree (BMCC 1997). Epacris 
browniae occupies the highest parts of this terrain where soils are thin and rocky. 

Drainage patterns for E. browniae are characterised by fast run-off and relatively poor moisture retention in 
the surface soil, although there is probably significant moisture retention and seepage through cracks in the 
Narrabeen Sandstone. Rainfall in the upper Blue Mountains averages 1402 mm a year at Katoomba (BMCC 
1997), but some sites for E. browniae, especially on cliff tops along Kedumba Walls to Wentworth Falls and Leura, 
may receive considerably more rain as a consequence of orographic lifting, and plants may be up to 2 m tall. 
Plants along the Mt Hay Road are, on average, shorter, thinner, less woody and more wiry than elsewhere. 

Fires occur regularly, although it is unusual for any one location to be burnt more often than once in 10-20 years. 
Almost all of the sites (See Geographic Distribution, below) where Epacris browniae was found have not been 
burnt in the last 40 years (G. Meade, pers. comm.). This low fire frequency (Bradstock et al 2009) enables both 
re-seeders and re-sprouters in the plant community to re-establish. (Bradstock 2010, DECCW 2010a). Multiple 
size and age classes of E. browniae are present at many sites, indicating that recruitment has occurred in the 
absence of fire. 

Geographic distribution: Epacris browniae inhabits the northern end of Kings Tableland southeast from 
Wentworth Falls (especially along Kedumba Walls and including other sites along the cliff line to Leura) 
and the whole of the high plateau north from Leura to Mt Hay (and including other sites, e.g. at Mt Banks, 
Mt Wilson and Mt Tomah). The western limit appears to lie between Clarence and Narrow Neck (Katoomba). 
The eastern limit appears to be Lawson Ridge. Known populations occur between elevations of 800 m and 
1100 m. Further searches of suitable habitat may extend this geographic range, but the evidence suggests that 
the species is endemic to the upper Blue Mountains. 

Conservation status: The conservation status of Epacris browniae is yet to be established. Potential threats 
include weeds (currently absent), feral animals (goats) and human activities (trampling and collecting). With a 
limited geographic distribution, altitudinal range and climatic envelope, any increased fire frequency associated 
with climate change (or hazard reduction burning) may adversely affect this species. Anthropogenic climate 
change and high frequency fire are both recognised as Key Threatening Processes under the NSW Threatened 
Species Conservation Act 1995. Epacris browniae is currently best classified as ‘Poorly Known and an interim 
ROTAP code of 2KCi is recommended (sensu Briggs and Leigh 1996). 
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Abstract 

The current broad-species concept applied to Streblus pendulinus (Endl.) F.Muell. is regarded as not useful taxonomically, 

and so the narrower, original circumscription is applied here to refer only to the plants restricted to Norfolk Island. The 

plants previously referred to as S. pendulinus in the Mariana Islands, Micronesia, Papua New Guinea, Australia, New 

Caledonia, south-western and southern Pacific, and Hawai'i are treated as the widespread S. brunonianus (Endl.) F.Muell. 

Comparative morphological characters for distinguishing these two species are discussed. 

Introduction 

Although the genus Streblus Lour, is placed in the tribe Moreae (Berg 2005; Berg et al. 2006), the circumscription 
of tribes and genera of Moraceae have undergone major changes (Clement and Weiblen 2009; Datwyler and 
Weiblen 2004) since that of Corner (1969). The tribal and generic circumscriptions of Clement and Weiblen 
(2009) are accepted and followed here. 

The morphological variation within many species of Streblus has resulted in the application of different 
specific and infraspecific systematic concepts. The three species of this genus occurring in Australia and the 
Australian Territories are placed in S. section Paratrophis (Blume) Corner (Chew 1989; Corner 1969). There 
is widespread agreement that 5. glaber (Merr.) Corner var. australianus (C.T.White) Corner (refer Berg (2005) 
for an alternative infraspecific taxonomy) occurs in Australia, but the other two species have been treated 
differently by different authors. Corner (1969) applied a broad species concept to S. pendulinus (Engl.) F.Muell. 
and regarded it as a geographically widespread, morphologically variable species. This view was followed by 
Berg et al. (2006), with S. brunonianus (Endl.) F.Muell. regarded as a synonym. Both Corner (1969) and Berg et 
al. (2006) concluded that this species occurred in Australia and throughout much of the Pacific (New Guinea, 
New Caledonia, Norfolk Island, Vanuatu, Fiji, Rapa, Hawai’i, Guam, Saipan, and Rota). In his treatment of 
Moraceae for the Flora of Australia, Chew (1989) applied a narrower species concept to S. pendulinus, and 
regarded this species to be restricted to Norfolk Island. In so doing, he assigned all eastern Australian mainland 
occurrences of Streblus (excluding S. glaber) to S. brunonianus. Chew did not comment on the distribution of 
this taxon outside of Australia. The online version of Flora of Australia (Anonymous without date [post 2007]) 
rejected Chew’s taxonomic concept, without explanation, but presumably following the more recent work of 
Berg et al. (2006), by regarding S. brunonianus as a synonym of a geographically widespread S. pendulinus. In 
contradistinction to that of Berg et al. (2006), the narrower interpretation of S. pendulinus and the broader 
interpretation of S. brunonianus, as used by Chew (1989), are applied to New South Wales plants (Harden 

© 2015 Royal Botanic Gardens and Domain Trust 
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1990,1999 onwards, 2000; Pellow et al. 2009). Until recently, Queensland material of this taxon also followed 
Chew’s taxonomic concepts (Boland et al. 1984; Bostock and Holland 2010; Forster et al. 1991; Francis 1970; 
Jessup 2007). However, the broad species concept of S. pendulinus (sensu Berg et al. 2006) is currently applied 
to Queensland plants (Anonymous 2013) in order to align the Queensland taxonomic concepts with the 
Australian national census of plants (Anonymous 2007). 

It is clear that the application of different taxonomic concepts has resulted in uncertainty about the number 
of Streblus species occurring in Australia and Norfolk Island (Australian External Territory). An assessment 
of the morphological variation within collections of Streblus from this region was undertaken to determine 
whether one or more taxa could be circumscribed within S. pendulinus sensu Berg et al. (2006). Since any 
changes in the taxonomy of these particular Streblus within the Australasian region would impact on the 

application of appropriate nomenclature, a broad sample of collections (as held at LAE and NSW) from across 

its distribution was evaluated. 

Morphological variation within and between Streblus brunonianus and S. pendulinus 

A combination of several morphological characters for distinguishing the two species are summarised 
in Table 1. Several of the characters used by Chew (1989) are more specifically defined here, such as the 
distribution of hairs on the abaxial surface of the leaf lamina of each species, and the number of secondary 
veins on each side of the primary vein. Likewise, the description of the shape and density of the marginal teeth 
is enhanced. The characteristics of the secondary veins are described for the first time, such as the angle of 
divergence from the primary vein and the type of curvature towards the next more distal secondary vein. 

The petiole of Streblus brunonianus is (2-)4-5(-8) mm long, mostly slightly shorter than typical S. pendulinus 
that is (3-)9-12 mm long; the abaxial lamina surface and venation are usually sparsely hairy (<50 hairs/mm2), 
although with hairs frequently restricted to venation of older leaves (S. pendulinus less hairy, with hairs restricted 
to the primary veins and base of secondary veins of abaxial lamina surface, more or less extended onto the lamina 
surface near the base of secondary veins); leaf base usually cuneate (S. pendulinus usually narrowly rounded); 
there are 5-8(-12) secondary veins on each side of primary vein, whereas in S. pendulinus there are usually more 
(10-15 secondary veins); the secondary veins are initially diverging at 45-50° from the primary vein (Fig. 1) 

and then usually distinctly curved towards the next more distal secondary vein, whereas in S. pendulinus these 
secondary veins are diverging at (70-)80-90° from the primary vein (Fig. 1) and are more or less straight 
throughout much of their length before more abruptly curving distally to the next secondary vein; the teeth of 
the leaf margin terminate the tertiary (and sometimes quaternary) veins, 2-4(-6) teeth per 10 mm of margin 
(5. pendulinus has teeth terminating the tertiary and quaternary venation, hence these leaves usually have slightly 
more teeth, namely (5-)6-8 teeth per 10 mm of margin) (Fig. 1). This difference in the number of teeth is due to 
the density of the tertiary and quaternary venation; S. pendulinus has a much denser distribution of these than 

S. brunonianus (Fig. 1). The size of the teeth is variable, but they are typically longer in S. brunonianus. Note: in 
both species, at least one or two of the most basal secondary veins may be straighter, longer than the secondary 
veins, and at a different angle to the primary vein than other secondary veins. 

Taxonomic conclusion 

The states and values of many morphological characters of Streblus brunonianus and S. pendulinus are variable 
and appear to over-lap to varying amounts; however, there appear to be sufficient diagnostic characters to 
re-instate these as two distinct species. Streblus brunonianus applies to plants of Mariana Islands, Micronesia, 
Papua New Guinea, Australia, New Caledonia, south-western and southern Pacific, and Hawai’i, whereas 
the concept of S. pendulinus (sensu stricto) refers to those plants of Streblus that are restricted to Norfolk 
Island. The species concepts proposed by Chew (1989) for S. brunonianus and S. pendulinus are accepted, 
based on a more precise definition of the morphological characteristics used by him, and with the inclusion of 
additional characters, such as angle of divergence of the secondary veins to the primary vein, and the number 
of secondary veins on each side of the primary vein. It is here concluded that the broad species concept applied 
by Corner (1969) and accepted by Berg et al. (2006) has been directly influenced by the need to classify the 
many, frequently inadequate, herbarium specimens of plants that are morphologically variable. The status of 
any localised variation within a widespread, variable species concept is difficult to evaluate and its significance 
is often over-looked. 
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Streblus brunonianus (Endl.) F.Muell. Fragmenta Phytographiae Australiae 6: 192 (1868). [Full synonymy: 
refer Chew (1989)] 

Type: Endlicher, Atakta Botanica t. 32 (1835) (as Morus brunoniana Endl.) 

Description: Chew (1989); Mueller (1868) 

Distribution within Australia: The distribution of S. brunonianus is summarised according to the botanical 
districts of Queensland (Anonymous 1975) and botanical divisions of New South Wales (Anderson 1961). 

Queensland (Cook, North Kennedy, South Kennedy, Leichhardt, Port Curtis, Burnett, Wide Bay, Darling 
Downs, Moreton); New South Wales (North Western Slopes, Northern Tablelands, North Coast, Central 

Tablelands, Central Coast, South Coast). 

Extra-Australian distribution: The current author has not assessed the range of morphological variation 
encountered in the full extra-Australian distribution of this species. However, it is confirmed that this species 
also occurs in the Mariana Islands, Micronesia, Papua New Guinea, Vanuatu and Fiji. The few collections 
from New Caledonia that have been examined (e.g. McPherson 5984 and Vieillard 3257, both NSW) are 
morphologically similar to S. brunonianus. Pseudomorus brunonianus (Endl.) Bureau var. obtusata Bureau 
(e.g. Vieillard 3257) was treated as a synonym of S. pendulinus (Berg et al. 2006). Although the status of 
P brunonianus var. obtusata has not been fully evaluated here, it is either a variant of S. brunonianus or further 
study may support the recognition of this as a distinct species endemic to New Caledonia. Typical Streblus 
brunonianus does occur in Hawai’i (Wagner et al. 1999, as S. pendulinus); however, the taxonomic status of 
plants consistent with the circumscription of Pseudomorus sandwicensis O.Deg. should be studied further. 
Collections similar to Hawaiian specimens occur in Samoa. Material from Rapa (South Pacific) assigned to 
S. pendulinus by Berg et al. (2006) was unavailable for study. 

Notes on typification: Smith (1981) incorrectly concluded that the type collection of this species (as Morus 
brunoniana) was collected by F.L. Bauer from Norfolk Island and deposited at W. Although Mueller (1868, 
p. 192) does not refer to the type material, he summarises the distribution of this species as “Ab Illawarra 
proveniens usque ad Rockingham’s Bay, extendens etiam in Novum Angliam”, eastern Australia. 

Conservation status: this widespread species is not considered to require a conservation category. 

Streblus pendulinus (Endl.) F.Muell. Fragmenta Phytographiae Australiae 6: 192 (1868). [Full synonymy: refer 
Green (1994)] 

Type: Norfolk Island: F.L. Bauer s.n., without date (W), possibly destroyed (Green 1994). 

Description: Green (1994); Endlicher (1833) 

Distribution within Australian External Territories: Norfolk Island. 

Conservation Status: Endangered, with only 187 individual plants recorded for Norfolk Island (EPBC 1999). 
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Fig. 1. Abaxial surface of leaf showing petiole, lamina, venation and toothed margin, a. Streblus brunonianus (Forster 

30837,25 Apr 2005, NSW843772); b. S. pendulinus (Metcalfe s.n., without date, NSW823172). Scale bar = 10 mm. 
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Table 1. A comparison of some morphological characters useful for distinguishing Streblus brunonianus from 5. pendulinus. 

Characters Streblus brunonianus Streblus pendulinus 

Petiole (2-)4-5(-8) mm long (3—)9—12 mm long 

Leaf indumentum 
hairs on abaxial lamina surface and venation; 
older leaves with hairs tending to be restricted to 
venation 

hairs restricted to primary vein and base of 
secondary, mostly absent from abaxial lamina 
surface, except near base of secondary veins 

Lamina shape narrowly ovate, ovate, to elliptic narrowly ovate to ovate, often slightly oblong 

Leaf apex usually acuminate obtuse to acuminate 

Leaf base usually cuneate usually narrowly rounded 

Number of secondary 
veins 

5—8(— 12) 10-15 

Angle of secondary veins 
to primary vein 

45-50° (70-)80-90° 

Number of teeth/10 
mm of margin (near 
midpoint) 

2-4(-6) (5-) 6-8 

Teeth arrangement 
terminating tertiary (and rarely quaternary) 
venation 

terminating tertiary and quaternary venation 

Male inflorescence 
length 

short, 2-5 cm long long, (5-) 10-20 cm long 
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Abstract 

Leptodermis riparia R.Parker (Rubiaceae) is rediscovered after a gap of 90 years from its Type locality in the eastern part 

of Uttarakhand, Western Himalaya. Recent field studies have found two additional localities for this species in the state. All 

three populations were found in the riparian zone especially on rocky substrate rich in limestone. We observed that the Type 

locality of this species has been severely eroded due to a major flash flood in Kali river during 2013. In this article, we present 

a description, habitat characteristics, known distribution, and conservation status of L. riparia in the Western Himalaya. 

Introduction 

The genus Leptodermis Wall. (Rubiaceae) is distributed in the northern hemisphere mainly confined to 
Himalaya, Japan and China. The generic name is derived from the Greek ‘leptos’ meaning thin and cderma 
meaning skin or membrane, referring to the thin membranous bractlets that form connate tubes. The genus 
is characterized by opposite leaves, often in fascicled pairs with small persistent stipules. All the species 
are shrubby in habit and leaves emit foetid smell when bruised. The genus is represented by 48 species 
(http://www.gbif.Org/species/2893425#) across the world. The literature reveals that most of the species show 
confined distribution in their preferred habitats which lead to the high level of endemism. Out of 34 species 
recorded from China, 30 are endemic. In the Himalayan region, there are 10 species reported, of which, 3 are 
found in the Western Himalaya (Osmaston 1927; Naithani 1990). Among the Leptodermis species reported 
from Himalayan region, L. lanceolata Wall, has the widest distribution from Pakistan to Arunachal Pradesh 

(India). Leptodermis kumaonensis R.N. Parker, L. stapfiana H.Winkl., L. virgata Edgew., L. amoena Springate 
and L. ludlowii Springate are confined to certain mountain ranges of the Himalaya between Pakistan, India, 
Nepal and Bhutan, whereas L. griffithi Hook.f., (Khasi Hills, Meghalaya, India), L. scabrida Hook.f. (Mishmi 
hills, Arunachal Pradesh), L.parkeri Dunn (Himachal Pradesh, India), and L. riparia R.N. Parker (Uttarakhand) 
are narrow range endemic species. Perusal of regional taxonomic literature (Hara et al. 1978; Osmaston 1927) 
reveals that L. riparia was first reported by R.N. Parker (1924) from the western bank of Kali valley in the eastern 
part of Uttarkhand and it is considered a narrow range endemic of the Western Himalaya. The Type locality 
and surrounds on either side of Kali River are of much botanical interest as this area forms the inner limit of 
distribution for Shorea robusta Gaertn. (Dipterocarpaceae) in the Himalaya. It also forms the western limit 
for the many east Himalayan plant species such as Macaranga pustulata King ex Hook.f. (Euphorbiaceae) and 

© 2015 Royal Botanic Gardens and Domain Trust 
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Ficus nervosa B. Heyne ex Roth. (Moraceae). Very few botanists have conducted serious exploration of the Kali 
valley since R.N. Parker. The Kali River forms the international boundary between India (state of Uttarakhand) 
and Nepal. This valley, being remote, is still under-explored and warrants further floristic surveys. 

As part of ecological studies on the vegetation of eastern Uttarakhand, we made special efforts to locate the rare 
endemic species reported from the region (Figs 1,2). Here we present a brief taxonomic account, a key to species 
in Western Himalaya, morphology for field identification and conservation status of this little known species. 
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Fig-1 . Location of Leptodermis riparia in the Uttarakhand state and Pithoragarh district, Western Himalaya. 
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Fig. 2. Leptodermis riparia: a. type locality near Balwakot along the bank of Kali river (Nepal in the far left of the photograph); 

b. riparian habit; c. habitat on rocky slopes. 

Systematic treatment 

Key to the Leptodermis species of Western Himalaya: 

1. Corolla glabrous outside.L. lanceolata 

1. Corolla pubescent outside .2 

2. Leaves usually exceeding 5.5 cm long; lateral nerves 6-10 pairs.L. kumaonensis 

2. Leaves not exceeding 5.5 cm long; lateral nerves 4-6 pairs .L. riparia 

Leptodermis riparia R.Parker, Indian Forester 50: 398 (1924) 

Type: India, Uttarakhand, Pithoragarh district, Balwakot (along the bank of river Kali), 900 m, 25 Jul 1923, 
R.N. Parker 2110, K! 

Medium-sized shrub, up to 1.5 m tall; twigs pubescent. Leaves 20-40 mm long, 7.5-15 mm wide, lanceolate, 
scabrid on both surfaces; base slightly attenuate; margin ciliate; apex slightly tapering; lateral nerves 4-6 pairs; 
petiole 1.2-4 mm long; stipules membranous, herbaceous, c. 1-2 mm long. Flowers terminal on slender lateral 
shoots, 3-5 together in a sub-capitate fascicles, sessile; bracteoles 2, 3-5 mm long, connate, encircling stem. 
Calyx 2.5-5 mm long, green, often with red tinge; lobes 5, ovate, with margin ciliate. Corolla white, turning 
pink at maturity, 1 cm long, narrowly tubular, pubescent outside, pilose inside; tube funneliform; lobes 5, ovate, 
4-5 mm long, hairy at base (hairs white) and margin winged (wing forming a distal lobe below apex of corolla 
lobe); apex slightly apiculate. Stamens inserted below throat of corolla; anthers linear, included. Style 5-fid 
distally; stigmas just exserted beyond corolla tube, papillose. Capsule nearly 5 mm long; seeds enclosed within 
a loose fibrous bladder (Fig. 3). 

Flowering: July-November 

Etymology: The species epithet indicates the riparian habitat of the species. 
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Habitat and ecology: The species is distributed between elevations of 725-1525 m in the eastern parts of 
Uttarakhand (Kumaun region), Western Himalaya, especially along the riparian zone on rocky substrates 
rich in limestone. The associated woody species were Leptodermis lanceolata Wall, ex Roxb., Spermadictyon 
suaveolens Roxb., Colebrookia oppositifolia Sm., Woodfordia fructicosa (L.) Kurz, Sapium insigne (Royle) 
Trimen and Lannea coromandelica (Houtt.) Merr. Herbaceous and graminoid species associated with this 
include Pogostemon benghalensis (Burm.f.) Kuntze, Eriophorum comosum (Wall.) Nees and Thysanolaena 
maxima (Roxb.) Kuntze. The newly recorded sites were slightly further from the riparian zone but resembled 
the habitat characteristics, that is, limestone formations, of the former. 

Distribution in Western Himalaya: Balwakot (29°48'8.69" N, 80°27'11.63" E, 725 m); Bungachhina 
(29°41 '52.78" N, 80°11'42.22" E, 1460 m); Dungrakot (Wadda) (29°31'53.45" N, 80°18'40.83" E, 1525 m) in 
Pithoragarh district, Uttarakhand. 

Fig. 3. Leptodermis riparia: a and b. Flowering branches; c. flower showing styles and pilose surface inside; 

d. mature flower; e. flower bud, mature flower and fruits. 
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Specimen examined: Dungrakot (Wadda), 12 Jul 2014 G.S. Rawat 11459; 27 Sep 2014 I.D.Rai & G. Singh 
11460 (WII); Balwakot, 28 Sep 2014,1.D. Rai 8c G. Singh 11461 (WII). 

Conservation status: Leptodermis. riparia is only reported from Western Himalaya, India and restricted to 
elevations between 725-1525 m. During the current survey, three populations of 14-30 mature individuals at 
each site, in an area of 300-500 m2 were recorded in the riparian or near-riparian scrub vegetation. The species 
seems to be highly habitat specific and consequently narrow in its distribution. All the locations were along the 
road sides where the species appears to be vulnerable to anthropogenic pressures and developmental activities. 
The Type locality, that is the western bank of Kali, was badly damaged in the severe flood of 2013. As a result, 
only few individuals were recorded from this locality during the recent studies. 

To assess the conservation status of this species, according to the IUCN Red List categories, the three localities 
of L. riparia were imported into GeoCAT (Geospatial Conservation Assessment Tool, designed to produce 
rapid species level conservation assessments based on IUCN Red List Categories and Criteria (Bachman et al. 
2011; http://geocat.kew.org/) and the ‘extent of occurrence (EOO) was calculated. Based on the cell width of 
2 km, EOO = 297 km2 (Endangered), while ‘area of occupancy (AOO) = 12 km2 (Endangered). Therefore, the 
proposed IUCN category (2012) = EN: BID (EN = Endangered). It is estimated that the EOO of this species is 
less than 5000 km2 (Bl), population size estimated to number fewer than 250 mature individuals (D). There is 
an inferred continuing decline in the area and quality of habitats available for this species. All estimated values 
meet the criteria for Endangered under the B2ab(iii) criteria (B2 = when criteria is based on AOO; a = severely 
fragmented; b(iii) = continuing decline in area, extent and/or quality of habitat) of the IUCN red list guidelines 
(IUCN 2014: version 11). 

On the basis of total number of individuals found in three populations, this species requires the implementation 
of immediate in-situ conservation measures. The habitats are critical as the area is under high anthropogenic 
and natural disturbances. Since this species occurs in an extremely narrow geographical range and the 
population is fragmented, habitat management interventions are required. Extensive explorations, in similar 
habitats, should be undertaken to locate any more populations that may exist in the region. 
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Abstract 

Impatiens khasiana Hook.f. (Balsaminaceae) has been rediscovered after a period of 129 years from Meghalaya, in 

north-eastern India. A detailed description from living specimens, coloured photographs and other relevant information 

are provided for easy identification. The name I. khasiana Hook.f. is here lectotypified. 

Introduction 

During a plant exploration tour in July, 2014 in Laitkyrhong, East Khasi hills district, Meghalaya, N. Odyuo and 
Chaya Deori discovered a small population of a species of Impatiens L. Critical examination and comparison 
of previously published species (Hooker 1875, 1905; Toppin 1920; Vivekananthan et al. 1997) revealed that it 
was I. khasiana Hook.f. The species was first collected by J.D. Hooker and T. Thomson in 1850 and then by G. 
Mann in 1885. Over the past 129 years, the species was considered extinct. The status of the species was treated 
as unresolved in ‘The Plant List’ (http://www.theplantlist.org/), because there were no further collections of the 
species since the second collection. 

Hooker (1874, 1905) only provided a short description of this taxon. Therefore, a detailed description from 

living specimens, coloured illustrations and other relevant information are provided here for easy identification. 

Description 

Impatiens khasiana Hook.f., Records of Botanical Survey of India 4: 27. 1905. 

Impatiens bella Hook.f. & Thomson var. major Hook.f., Flora of British India 1: 459. 1874. 

Lectotype (designated here): India, Meghalaya, Khasi hills, 5(000)-6000 ft, anno 1850, J.D. Hooker &T. Thomson s.n. 
(K694831, image!) Fig. 1 

Residual syntypes: India, Meghalaya, Khasi hills, 5(000)-6000 ft, anno 1850, J.D. Hooker & T. Thomson s.n. 
‘HERBARIUM HOOKERIANUM 1867’ (K694829, K694832). 

Perennial succulent herb up to 80 cm high, sparsely branched; stem terete, hispidulous; nodes not swollen. 
Leaves confined mainly to upper part, alternate; petiole 0.5-3.6 cm long, glandular pubescent; lamina broadly 
ovate or oblanceolate, 8-11.5 cm long, 3-5 cm wide, pubescent on both sides, green above, pale green beneath, 
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base abruptly cuneate or gradually attenuate, margin crenate, apex acute to acuminate; lateral veins 8-13 pairs. 
Inflorescence axillary, 1- or 2- flowered; peduncle to 0.6 cm long, pubescent; pedicel 1-2 cm long, pubescent, 
green; bract at base of pedicel, lanceolate, to 7.5 mm long, 1.5 mm wide, pale green, persistent, pubescent, apex 
acuminate. Flowers purple, Sepals: lateral sepals 2, slightly obliquely ovate, pubescent, 1 cm long, 0.6 cm wide, 
green, purplish at base, apex acuminate; lower sepal bucciniform, pinkish with purple streaks inside, mouth 
inconspicuously beaked, with yellow spot on the ventral side at junction of sepal and spur; spur hooked, white, 
hairy, to 1.3 cm long, apex purple. Petals: dorsal petal shallowly cuccullate, sub-orbicular, 1.3 cm long, 0.7 cm 
wide, purple, with midrib dark purple, hairy on the dorsal side, apex slightly beaked; midrib thick with erect 
white hairs; lateral united petals bilobed, subequal, 2 cm long, purple, basal lobe obovate, 5 mm wide, with apex 
acute to obtuse; distal lobe dolabriform, apex acute to obtuse, 1.3 cm long, 0.8 cm wide; basal auricle golden, 
1 mm long. Stamens 5, slightly upcurved, to 5 mm long; filaments white with purple dots. Ovary green with 
purple dots. Capsule green, fusiform, to 2.2 cm long, 0.8 cm wide, mature seeds not seen. Fig. 2 

Flowering & Fruiting: May-September 

Distribution: India: Khasi Hills, Meghalaya, Endemic. 

Habitat: Moist subtropical broad-leaved forest margins at an altitude of 1700 m in association with Lyonia 
ovalifolia (Wall.) Drude (Ericaceae), Gaultheria fragrantissima Wall. (Ericaceae), Viburnum foetidum Wall. 
(Caprifoliaceae), Drymaria cordata (L.) Willd. ex Schult. (Caryophyllaceae), Rubus calycinus Wall. (Rosaceae), 
and Panicum sp. (Poaceae). 

Conservation status: Not known; however, we regard this species as probably vulnerable since it is known only 
from one population. 

Specimen examined: India: Meghalaya: Laitkyrhong, East Khasi Hills, 23 Jul 2014, N. Odyuo & C. Deori 131633 
(ASSAM); Khasi hills, Aug 1885, G. Mann s.n. (ASSAM3695) 

Note: Vivekananthan et al. (1997) reported the occurrence of I. khasiana from Arunachal Pradesh, but no 
authentic specimens could be traced during this study to verify the presence of this species in that area. 

Typification: 

Hooker (1874) described I. bella Hook.f. & Thomson var. major Hook.f. but later treated I. bella Hook.f. & 

Thomson as a synonym of I. porrecta Wall. Furthermore, Hooker (1905) raised the status of I. bella var. major 
to that of species and named it I. khasiana Hook.f. In the protologue of var. major, the place of collection was 
given as ‘Khasia, alt. 5-6000 ft’. We have designated J.D. Hooker & T. Thomson s.n. (K694831) as the lectotype 
from the three original material of var. major bearing the stamp ‘HERBARIUM HOOKERIANUM 1867’ 

(K694829, K694831, K694832). Since J.D. Hooker & T. Thomson s.n. (K694831) matches more closely with the 
protologue of I. bella var. major than the other available specimens, and there are hand illustrations drawn by 
J.D. Hooker on this sheet (Fig. 1), this specimen is chosen as the lectotype. 
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Fig. 1. Lectotype of Impatiens khasiana Hook. f.,/.D. Hooker & T. Thomson s.n., (K694831!) © The Board of Trustees of the 

Royal Botanic Gardens, Kew. Reproduced with the consent of the Royal Botanic Gardens, Kew. 
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Fig. 2. Impatiens khasiana. A. Plants in natural habitat; B. Flowering twig; C. Close view of flower; D. Lateral view of 

flower; E. Bract; F. Lateral sepals - dorsal view; G. Lateral sepals - lateral view; H. Dorsal petal (dorsal & ventral view); 

I. Lateral united petals; J. Lower sepal with pedicel and stamens; K. Ovary encircled by stamens; L. Ovary; M. Stamens, 

N.Transverse section of ovary with immature seeds, O. Capsule 
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Abstract 

Monerolechia norstictica Elix from Western Australia, Northern Territory and Queensland (Australia) is 
described as new to science. In addition, the new combinations Monerolechia californica (H.Magn.) Elix and 
M. glomerulans (Miill.Arg.) Elix are made and a key is provided for these three species. 

Introduction 

This paper describes a continuation of investigations into Buellia-Yike lichens in Australia, following on from 
the first accounts of Buellia and related genera (Elix 2009, 2011; Elix and Kantvilas 2013b, 2014a, 2015) and 
revisions to Amandinea (Elix and Kantvilas 2013a), Baculifera (Elix and Kantvilas 2014b), Cratiria (Elix 2014) 
and other crustose Physciaceae (Elix and Kantvilas 2015). In this paper, I deal with Monerolechia, a genus 
originally erected to accommodate M. badia (Fr.) Kalb. The species are characterized by thalli which are 
initially parasitic on various other lichens but become autonomous, asci approximating the Lecanora-type, 
short, bacilliform conidia 3-6 pm long, a non-inspersed hymenium, and small Buellia-type ascospores which 
lack wall-thickenings at maturity (Marbach 2000, Kalb 2004). This paper describes a species new to science, 
two new combinations and provides a key to the Australian species. 

Methods 

Observations and measurements of photobiont cells, thallus and apothecium anatomy, asci and ascospores 
were made on hand-cut sections mounted in water and dilute KOH (K). Asci were also observed in Lugols 
Iodine (I), with and without pretreatment in K. Medullary sections were treated with 10% sulfuric acid 
(EESO4-) and apothecial sections with 50% nitric acid (N). Chemical constituents were identified by thin-layer 
chromatography (Elix 2014) and comparison with authentic samples. 

© 2015 Royal Botanic Gardens and Domain Trust 
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New Species 

Monerolechia norstictica Elix, sp. nov. Fig 1 

MycoBank No.: MB 811862 

Similar to Monerolechia badia (Fr.) Kalb but differs in containing norstictic and connorstictic acids. 

Type: Australia: Queensland: Red Falls Road, 37 km NW of Charters Towers, 19°53' S, 145°59' E, alt. 280 m, 
on basalt rocks in Eucalyptus woodland, J.A. Elix 20536 & H. Streimann, 21 Jun 1986; holotype: CANB. 

Fig. 1. Monerolechia norstictica (holotype in CANB). Scales: A = 1 mm; B = 0.1 mm; C = 10 pm 

Thallus autonomous or initially parasitic on various Lecanora of Pertusaria species, crustose, areolate or 
subsquamulose or becoming distinctly squamulose, continuous or becoming dispersed, areoles 0.1-0.5 mm 
wide, flat, weakly convex or bullate, ± contiguous, thallus up to 50 mm wide; upper surface deep chocolate 
brown or rarely yellow-brown or greenish brown, smooth and shiny; prothallus not apparent; medulla white, 

lacking calcium oxalate (H2S04-), I-; photobiont cells 10-15 pm diam. Apothecia 0.3-0.8 mm wide, lecideine, 
scattered or crowded, broadly adnate or sessile; disc black, epruinose, plane to markedly convex; proper 
exciple thin, concolorous with the disc, slightly elevated above disc, entire but soon excluded, in section 40- 
50 pm thick, outer zone dark brown, K+ orange with formation of red crystals, N-, inner zone colourless. 
Hypothecium 40-50 pm thick, brown; subhypothecium dark brown to brown-black, 100-150 pm thick, 
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K+ orange with formation of red crystals. Epihymenium 8-10 pm thick, dark brown, K-, N-. Hymenium 
50-90 pm thick, colourless, not inspersed; paraphyses 1.5-1.7 pm wide, simple to sparingly branched, capitate, 
with apices dark brown, 3.5-4.5 pm wide. Asci approximating the Lecanora-type, 8-spored. Ascospores at first 
of the Pachysporaria- or Physconia-type, mature spores of the Buellia-type, 1-septate, olive-brown to brown, 
ellipsoid, 10-15 pm long, 5-7 pm wide, older spores very rarely constricted at the septum; outer spore-wall 
smooth. Pycnidia immersed; conidia bacilliform, straight, 3-5 pm long, 0.8-1.2 pm wide. 

Chemistry. Thallus K+ yellow then red, P+ yellow-orange, C-, UV-; containing norstictic acid (major), 
connorstictic acid (minor). 

In overall morphology this new species closely resembles the cosmopolitan, Monerolechia badia. The thalli of 
both species are often initially parasitic on a range of other lichens but then become autonomous with a crustose 
thallus of bullate areoles with a chocolate-brown upper surface or becoming subsquamulose or squamulose. 
The two species have very similar apothecia, ascospores and conidia but can readily be differentiated chemically 
since M. badia lacks lichen substances whereas M. norstictica contains norstictic acid. The latter substance is 
definely not derived from any parasitized species and can readily be detected in sections of the apothecia or 
squamules by treatment with K (turning orange with formation of red crystals). Chemically this species is 
similar to Monerolechia californica (H.Magn) Elix comb. nov. (see below) from North America, but the latter 
is restricted in its choice of host lichens, initially parasitic on Dimelaena radiata (Tuck.) Miill.Arg., and differs 
by often containing stictic acid as well as or in place of norstictic acid and in having immature apothecia with 
a thalline exciple. 

Etymology: The epithet is derived from the chemistry of this species. 

Distribution and habitat: At present this new species is known from inland areas of central Queensland, the 
Northern Territory and the Kimberley region of Western Australia where it occurs on siliceous rocks. Associated 
species included Acarospora citrina (Taylor) Zahlbr. ex Rech., Australiaena streimannii Matzer, H.Mayrhofer 
& Elix, Caloplaca leptozona (Nyl.) Zahlbr., Dimelaena elevata Elix, Kalb 8c Wippel, Diploschistes actinostomus 
(Pers.) Zahlbr., Lecanora austrosorediosa Lumbsch, L. galactiniza Nyl., L. pseudistera Nyl., Paraporpidia 
leptocarpa (C.Bab. 8c Mitt.) Rambold 8c Hertel, Parmotrema praesorediosum (Nyl.) Hale, Peltula euploca (Ach.) 
Poelt ex Ozenda 8c Clauzade, Pertusaria remota A.W.Archer and Tephromela arafurensis Rambold. 

Specimens examined: Western Australia: East Kimberley, Durack River Property, c. 40 km due S of Gibb 
River Road, tributary of Horse Creek, crater and gorge walls, 16°12'17" S, 127°29'48" E, alt. 450 m, on sheltered 
sandstone, P.M. McCarthy 4393 (part), 29 May 2014 (PERTH); East Kimberley, Durack River Property, c. 8 km 
due S of Gibb River Road, Mazzarol Creek, gorge walls above falls, 15°52'11" S, 127°3T48" E, alt. 305 m, on 
sheltered sandstone boulder, P.M. McCarthy 4417 (part), 4453, 4 May 2014 (PERTH), below falls, 15°53’04” S, 
127°31'37" E, alt. 295 m, on dry shaded sandstone, P.M. McCarthy 4442 (part), 4 Jun 2014 (PERTH). Northern 
Territory: Baroalba Creek, 15 km SSE of Jabiru airfield, 12°48' S, 132°55' E, alt. 200 m, on semi-exposed boulder 
beside creek among rocky outcrops and platforms with poor scattered patches of low vegetation, H. Streimann 
42365, 22 Apr 1989 (CANB). Queensland: Razorback Range, 3 km NW of Mount Morgan, 23°28' S, 150°22' E, 
alt. 280 m, on metamorphic rocks in dry sclerophyll forest on steep slope with Cycas and Macrozamia, J.A. Elix 
34628, 34633, 26 Aug 1993 (CANB). 

New Combinations 

Monerolechia californica (H.Magn.) Elix comb. nov. 

MycoBank No.: MB 811863 

Basionym: Rinodina californica H.Magn.,Acta Horti Gothoburgensis 3: 16 (1927) 

Dimelaena californica (H.Magn.) Sheard, Bryologist 77: 131 (1974) 

Type: United States of America: California, Santa Monica Mountains, Hasse, 1911 (holotype : UPS - not seen). 

This species is typically parasitic on or associated with Dimelaena radiata and other crustose species. It is 
characterized by its dark thallus with poorly developed lobate margins, the brown hypothecium and its 
chemistry. The congeneric status of this species and of Monerolechia badia has been discussed in detail by 
Bungartz et al. (2007, p. 131). This species does not occur in Australia. 
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Monerolechia glomerulans (Miill.Arg.) Elix comb. nov. Fig 2 

MycoBank No.: MB 811864 

Basionym: Catolechia glomerulans Miill.Arg., Hedwigia 31: 195 (1892) 

Buellia glomerulans (Miill.Arg.) Zahlbr., Catalogus lichenum universalis 7: 464 (1931) 

Type: Australia: Western Australia: “Ad terram sabulosam rubidam”, near Wallangering,fL Helms 55 (holotype: G). 

Like other species of Monerolechia, M. glomerulans is closely associated with or initially parasitic on various 
Xanthoparmelia species. It is characterized by the olive-brown to olive-black, bullate to squamulose thalli, 
black lecideine apothecia, small, Buellia-type ascospores, 10-15 pm long, 5-8 pm wide, and bacilliform conidia, 
4-6 pm long, 1-1.5 pm wide. However, the most characteristic feature of this species is the morphology of the 
thallus where the bullate areoles or convex squamules become clustered closely together and agglomerated to 
form weakly elevated, broccoli-like heads (or glomerules). With age these glomerules may become markedly 
elevated or stalked (to 3 mm high) and isidia-like. Since more specimens of this rare species are now available 
an amended description follows. 

Fig. 2. Monerolechia glomerulans (Elix 41083in CANB). Scale: = 1 mm 

Thallus crustose, bullate-areolate to subsquamulose or squamulose, ± continuous, up to 50 mm wide and 
0.4 mm thick; areolae and/or squamules aggregated, with or without marginal lobules at the periphery; areoles 
0.2-1 mm wide, squamules 0.5-1 mm wide, rounded or almost so, aggregated to form pulvinate glomerules in 
thallus centre; prothallus black or not apparent. Upper surface dark olive-brown to olive-black, dull or glossy; 
medulla white or with patches or crystals of orange-red pigment (pigment soluble in K forming an intense 
yellow solution), to 250 pm thick, lacking calcium oxalate (H2S04-), I-. Apothecia 0.2-0.7 mm wide, lecideine, 
scattered or crowded, rounded, immersed then broadly adnate or sessile; disc black, epruinose, plane or becoming 
markedly convex; proper margin thin, black, persistent or excluded with age, in section 35-45 pm thick, inner 
part colourless or pale brown; outer part dark red-brown to black-brown, in part K+ forming an intense yellow 
solution or K-, N-. Hypothecium 60-80 pm thick, dark reddish brown or brown-black. Epihymenium 8-10 pm 

thick, olive-brown to dark brown, N-. Hymenium 50-90 pm thick, colourless, not inspersed; paraphyses 1.5-2.5 
pm wide, simple to moderately branched; apices 3-5 pm wide, with dark brown caps. Asci approximating the 
Leamora-type, 8-spored. Ascospores at first of the Pachysporaria- or Physconia-type, mature spores Buellia-type, 
1-septate, olive-brown to dark brown, oblong to ellipsoidal, 10-15 pm long, 5-8 pm wide; outer wall smooth or 

finely ornamented. Pycnidia sparse, immersed; conidia bacilliform, 4-6 pm long, 1-1.5 pm wide. 
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Chemistry: Thallus and medulla K-, P-, C-, UV-; with red-orange patches in the medulla and excipulum, 
containing an unknown pigment or lacking lichen substances. 

Distribution and habitat: This species was previously known only from the type collection on soil 
(Wallangering, 30°49’ S, 120°06’ E, Western Australia), but several new records from siliceous rocks in Western 
Australia and South Australia are listed below. 

Specimens examined: Western Australia: Yilliminning Rock, 18 km NE of Narrogin, 32°57' S, 117°22' E, 

alt. 320 m, on large, exposed granite outcrop surrounded by dry sclerophyll forest, J.A. Elix 41083, 12 Sep 1994 
(B, CANB, NY, HO). South Australia: Wilpena River crossing near Martins Well, 31°27' S, 139°07' E, on rock, 
W.A. Weber 67222, Nov 1967 (CANB). 

Key to Monerolechia 

1: Thallus and excipulum K+ red or K+ yellow; norstictic and/or stictic acid present.2 
1: Thallus and excipulum K-; norstictic and stictic acid absent.3 

2: Initially parasitic on Dimelaena radiata; immature apothecia with a thalline exciple; often containing 
stictic acid .M. californica 

2: Initially parasitic on Lecanora or Pertusaria sp.; immature apothecia lacking a thalline exciple; stictic acid 
absent.M. norstictica 

3: Areoles and/or squamules aggregated to form elevated, broccoli-like glomerules; medulla often red-orange 
pigmented in patches.M. glomerulans 

3: Areoles and/or squamules not aggregated nor forming elevated glomerules; medulla white.M. badia 
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Abstract 

A morphological study of living plants and herbarium specimens has here resulted in the formal recognition of two 

parapatric subspecies in Grevillea laurifolia Sieber ex Spreng., the autonymic subsp. laurifolia, and the novel subsp. 

caleyana P.M.Olde. Some critical phenetic characters show a strong morphological approach in specimens collected 

around Wentworth Falls which suggests that this area is a narrow geographic zone where the two subspecies intergrade. 

Notwithstanding the morphological approach all specimens examined were classifiable in one or other subspecies on 

the basis of their pistil lengths. A key to the subspecies of Grevillea laurifolia, descriptions of all taxa discussed, notes on 

conservation status and distributional information are provided. 

Introduction 

Grevillea laurifolia was first introduced to botanical science through a collection made by George Caley, 
who discovered and collected it in November 1804 on or near Mount Banks, in the Blue Mountains of New 
South Wales. According to Vallance (2001, p. 566) the specimens of this collection were seen by Robert Brown 
on 16 December 1804, soon after Caley returned from his exploration. Habituated to list-making, Brown 

itemised Caley’s collections in his diary under the heading ‘Plants seen in Mr Caley’s herbarium collected in 
his excursions to the Carmarthen Hills - Novr 1804’. Recorded among them was ‘Embothrium procumbens’ 
from ‘Mount Banks’, the genus Embothrium used by both Caley and Brown to include all Grevillea and related 
species while in Australia, following Smith (1794). Brown was not given a specimen and did not describe this 
species. Aware of Caley’s intention to write up his own discoveries, he wrote instead (1810a, p. 226) that Caley’s 
‘numerous discoveries will, it is hoped, be soon given to the public, either by himself, or in such a manner as to 
obtain for him that reputation among botanists to which he is well entitled.’ 

Subsequent collections by Allan Cunningham (1817) and Charles Gaudichaud-Beaupre (1819) also did not 
result in species description. It was a collection in 1823 made by the industrious Franz Sieber (1789-1844) 

that resulted in the naming of Grevillea laurifolia by Kurt Sprengel (1766-1833) in 1827. This publication 
completely overturned any botanical ambition Caley may have entertained for his discovery, though by 1827 
he had probaby abandoned it himself. 

Shortly after Caley’s death in 1829, Robert Brown (1830, p. 17) cited Caley’s collection of G. laurifolia in his 
treatment of that species. Although Brown often drew fine botanical distinctions, he made no mention that 
the taxon represented by Caley’s specimens might be different to that collected by Sieber, a specimen of which 

© 2015 Royal Botanic Gardens and Domain Trust 
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he had examined in Lamberts herbarium. Subsequent authors including Meisner (1856) and Bentham (1870) 
followed Brown. 

Michel Gandoger (1919, p. 231) first described variation in Grevillea laurifolia by recognising two species, 
Grevillea amplifolia Gand. and G. cordigera Gand. He treated G. laurifolia as a grex (apparently using this term 
to mean a species complex, rather than its usual modern meaning and exclusive formal use as the assemblage of 
offspring of an artificial hybrid) and within which his two species were delimited on the basis of leaf characters 
including width, shape and base. Grevillea amplifolia was diagnosed on the basis of its leaves being oblong 
and the leaf base attenuate. Leaves ovate and leaf base cordate defined his G. cordigera, a name based on a 
single specimen without precise locality, collected by Charles Walter (?1831—1907) in 1902. The flowers have 
not reached anthesis on the type specimen of G. cordigera at LY, but the foliage is similar to that collected by 
Caley, though it could conceivably represent an intergrade. Application of the name Grevillea cordigera Gand. 

is therefore uncertain with respect to the subspecies recognised here, although its leaves indicate that it is most 
likely to be a synonym of Grevillea laurifolia subsp. caleyana. 

Musson and Fletcher (1927) and G. McLuckie (1930) demonstrated that G. gaudichaudii R. Br. ex Gaudich. 
was a natural hybrid and implicated G. laurifolia and G. acanthifolia subsp. acanthifolia in its parentage. 
Grevillea gaudichaudii has been frequently recorded in disturbed situations from the time of its first collection 
in 1819 to the present, where both parents occur sympatrically. The two species are inter-fertile and hybridism 
is apparently bird-vectored. 

D.J. McGillivray and R.O. Makinson (1993, p. 425) treated both Gandoger species’ as synonyms of G. laurifolia 
without comment but they also (1993, p. 58) informally recognised a‘ smaller-flowered form] noting that plants 
in the Wentworth Falls to Valley Heights area, in the lower elevations of the species’ range are noticeably 
smaller-flowered (pistils < c. 15 mm) with more compact and semicylindrical inflorescences, and (at least in 
some populations) with very deeply purplish red flowers’ Although it was not stated, there is an implication 
either that further study was required or that high levels of morphological overlap were found that resulted in an 

inability to recognise formal infraspecific taxa. Alternatively, a species concept, discussed by Olde and Marriott 
(1993b), that required levels of morphological discontinuity applicable to the recognition of species, was being 
employed in the recognition of potential subspecies. In the absence of the necessary study, subsequent authors 
(Olde and Marriott 1995, Makinson 2000, Makinson 2002) have followed this treatment to the present time. 

The impact of a chance comparison of a widely cultivated plant of G. laurifolia and a specimen of the smaller- 
flowered form led the author to this more detailed investigation of the variation in G. laurifolia. This study 
was framed to investigate whether formal recognition of the smaller-flowered form’ within the geographic 
boundary observed by McGillivray and Makinson, or some other boundary, was justified. To this end, 
24 characters were measured and examined for their ability to link morphology with distribution. 

Morphology 

Morphological terminology follows that consistently applied in descriptions of Grevillea by Robert Brown 
(1810a, 1810b, 1830) and modifications or additions made by Meisner (1856), Bentham (1870), Johnson 
and Briggs (1963, 1975), Briggs and Johnson (1977), McGillivray and Makinson (1993), Olde and Marriott 
(1993a, 1993b, 1994a, 1994b, 2009), Makinson (2000) and Stajsic and Molyneux (2005). Species and subspecies 

concepts outlined by Olde and Marriott (1993b), Hart and Henwood (1996), Downing et al. (2004) and 
De Quieroz (2007) formed the basis of the proposed classification. Subspecies would be recognised if the 
populations could be defined geographically and could be classified with a high degree of reliability (over 
90%). Some morphological overlap could be accepted as evidence for infraspecific gene flow but would have 
to be restricted to a narrow geographic zone of intergradation and not found randomly. 

The term ‘common bract’ here replaces the term ‘floral bract’ to maintain usage consistent with descriptions in 
the Proteaceae generally. As Johnson and Briggs (1963) and Douglas and Tucker (1996) point out, floral bracts 
in Grevillea are suppressed and only the common bract subtending the flower pair remains. 

The term ‘peduncular bract’ was used by McGillivray and Makinson (1993, pp. 3, 8) to describe bracts that 
sometimes occur sporadically along the peduncle, extending sometimes to its base. They are often larger than 
involucral and common bracts and sometimes longer persistent. They have a close relationship with bractiform 
leaves differing from them only in that they subtend remote flower pairs rather than vegetative buds. 

Stylar angularity here alludes to the coursing of the style after anthesis, not to its cross-sectional shape. 
In G. laurifolia, the style was observed to either loop smoothly and arcuately or to change direction by a process 
of angular infraction. In the latter, the ultimate infraction or ‘hooking’ is a subterminal geniculation above 
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a straight stylar segment. To some degree, the character is fluid in that smoothing out of the angles occurs 
ontogenetically. At anthesis, both subspecies exhibit stylar angularity just below the style-end. In addition, 
although stylar angularity is a strong field character it may not always be retained on dried material. 

The ‘rachis extension alludes to the [sometimes] abortive, vegetative terminus of the blastotelic, anauxotelic 
floral rachis in Grevillea, as defined by Briggs and Johnson (1977, p. 176). The extension may sometimes be 
obscured by reduction, but when present, as in G. laurifolia, has been observed to vary in length. Its value 
as a character is unknown but in studies of the G. alpina complex currently in train it has proved critically 
diagnostic in the recognition of some taxa. 

A leaf lobe is usually defined simply as part of a leaf enclosed by embayed or angular incisions in the margin. 
However, it is more strictly interpreted here as formed around a lateral or secondary vein that terminates at the 
margin in a short excurrent spine or mucro. Marginal teeth are short lobes formed from a higher order lateral 
vein or vein subsidiary to the intramarginal vein, but with a similar terminus. In a situation where both lobes 

and teeth are present, Crisp and Weston (1993, p. 56) have suggested that ‘the relative prominence of the vein 
leading to the lobe or tooth’ be used to differentiate them. Leaf-margin sinuation or crenulation differs in its 

lack of venation and is not therefore treated as a form of division. 

Method 

Ninety vouchered specimens were selected from the whole distribution of G. laurifolia located in several 
herbaria, including AD, CANB, G, LY, MEL, NSW, NY, P and PERTH but mainly NSW (herbarium codes 

follow Holmgren et al. 1990). Nine foliar, eight conflorescence and seven floral characters were measured and 
assessed for their ability to link distribution with morphology. Supplementary specimens were also collected in 
the 2014 flowering season from the whole range and examined in vivo, before being pressed, dried and lodged 
at NSW. 

Results 

Inspection of the data showed that variation in G. laurifolia is clinal, roughly along an east-west axis. 
Morphological characters with small discontinuities and some with low levels of overlap were identified in the 
study. Two characters in particular, pistil length and the length to width ratio of a range (up to 10) of leaves 
present on a specimen, conclusively supported the formal recognition of two geographically parapatric taxa, 
here treated as subspecies, through their ability to, each separately and in combination, link phenotypes with 
distribution. Pistil length alone was able to distinguish the proposed taxa 100% of the time on fertile specimens 
while leaf ratios were able to distinguish fertile and infertile specimens more than 95% of the time. Several 
other characters which supported the distinction in more than 90% of cases are noted in the key to taxa. All 
characters are treated in the subspecific descriptions. 

The autonymic subspecies laurifolia, consonant with Gandoger’s Grevillea amplifolia and the ‘smaller- 
flowered form’ sensu McGillivray and Makinson, is distributed exclusively in the lower and middle altitudes 
of the Blue Mountains below 875 m to the east of Wentworth Falls. Specimens with dense, semi-cylindrical 
conflorescences, maroon-black-red-coloured flowers, perianths 5-6 mm long, pistils 9.5-14(-14.5) mm long 
with angular styles and leaves with a length to width ratio (using all leaves on a specimen) >2.2:1 were found 

in populations distributed east of Wentworth Falls 100% of the time. The remaining specimens distributed to 
the west, north and south of Wentworth Falls are treated as part of a novel, unrecognised taxon, here described 
as G. laurifolia subsp. caleyana, for which the countervailing morphological features were consistently found: 
moderately condensed, strongly secund conflorescences, bright red-coloured flowers (principally the styles 
and perianth adaxial surface), perianth 7-9 mm long, pistils 17-28 mm long with arcuately looped styles and 
leaves with a combined length to width ratio (using all leaves on a specimen) <2.2:1. 

In this examination, Wentworth Falls emerged as a geographic boundary between the subspecies and, to some 
extent, it and its immediate vicinity as a zone of apparent morphological intergradation. Of the 11 specimens seen 
or examined from Wentworth Falls, five, Blakely (NSW92283), Deane (NSW92279), McKee 877 (MEL2174165), 
Olde 99/174 (CANB, MEL, NSW) and Rupp (NSW92281), are clearly assignable to subsp. laurifolia. Pistil length 
on these specimens ranged from 12-13.5(-14.5) mm long. The only specimen with an accurate location (Olde 
99/174) was actually collected slightly to the east of Wentworth Falls. However, six specimens, Burgess (CANB4977), 
Maiden s.n. (P3354188), Maiden & Camb age (NSW92280), Olde 14/10 (NSW),0/de 14/11 (NSW) and Shiresss.n. 

(NSW92282), also from Wentworth Falls, are clearly assignable to subsp. caleyana, based on pistil length (18-19 
mm). Two living populations examined in 2014, from south and north of Wentworth Falls but within the town 
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precinct, were both assigned to subsp. caleyana, the former showing a greater tendency to intergradation with 
subsp. laurifolia than the latter on leaf characters. Although taxa assignable to both subspecies were collected 
from the Wentworth Falls area, no evidence of co-mingling was adduced. Populations sampled were internally 
stable. 

There is a categorical distinction in pistil length between the subspecies which is conceivably controlled by one 
gene with two alleles. This distinction, however, is not completely predictive of leaf-blade length:width ratios, 
although a very narrow gap was also detected between the taxa on this character. Ratios on some specimens of 
subsp. caleyana in the Wentworth Falls area and its near vicinity showed a strong approach to those of subsp. 
laurifolia. Leaf-blade length to width ratios were based on ten leaves per specimen when present or all leaves 
when less than 10. A simple ratio of the widest leaf to its length on any specimen was not reliably diagnostic. 
Ratios of 71 specimens with a distribution west of Wentworth Falls (subsp. caleyana) ranged between 1.31-2.19 

(average length to width ratio = 1.64; standard deviation = 0.29). Ratios on sixteen specimens east of Wentworth 
Falls (subsp. laurifolia) ranged from 2.31-3.48 (average length to width ratio = 2.75; standard deviation = 0.36). 
Therefore, the leaf-blade length to width ratios readily distinguishes these two subspecies. However, seven 
measured specimens excluded from these ratios collected at Wentworth Falls ranged from 1.85-2.62 (average 
length to width ratio =2.30; standard deviation = 0.87). The specimens collected at Wentworth Falls and its 
immediate vicinity are thus seen as the main contributors to the morphological intergradation. Two specimens, 
from areas of known hybridisation with G. acanthifolia (e.g. NSW4984, NSW92263) were eliminated. 

Leaf characters are thus subordinate to pistil length. The fact that leaf characters (and some conflorescence 
characters) of one subspecies in a particular geographic area strongly approach those of the other suggests 
the likelihood of morphological intergradation deriving either from introgression between inter-fertile 

populations or phenotypic plasticity resulting from environmental pressures driving the evolution of separate 
taxa. In either case, all characters become relevant to the identification of intermediate individuals and their 
assignment to the recognised subspecies. 

Morphological discontinuity generally warrants recognition at species rank, and this was considered here, 
based on pistil length. However, the clinal nature of the total morphological variation together with the degree 
of intergradation and overlap in a narrow geographic zone suggested that the populations represented by 
the two taxa were conspecific and sharing alleles. This informed recognition here of the metapopulations at 
subspecific rank. 

The evolutionary forces that drive variation in G. laurifolia have not been identified. Leaf morphology is not 
strongly correlated with altitude. Specimens with the longest leaves occur between 300-875 m in the east 
but those with the shortest leaves between 500-1000 m. However altitude may play a part in pistil length. 
Specimens with the shortest pistils (9.5 mm) were located at the far east of the distribution in the Valley 
Heights-Warrimoo area at the lowest elevation c. 300 m. Specimens with the longest pistils (25-28 mm) were 
collected around Katoomba and Mt Victoria at around 1000 m, the highest elevation. Both subspecies inhabit 
the lower altitudinal ranges of their respective sides of the Dividing Range, down to c. 500 m on the western 
side. According to National Parks and Wildlife et al. (1998, p. 118) ‘the escarpment from Kings Tableland, 
through Wentworth Falls, Leura and Katoomba to Narrowneck Peninsula, contains ‘the highest concentration 
of endemic and rare or threatened taxa in the upper Blue Mountains. Evolutionary responses to uncertain 
environmental pressures are demonstrably apparent in the area and phenetic variation may also be attributable 
to them. A broad range of possibilities including pollinator preferences, exposure, temperature, rainfall and 
others not identified requires further study. 

Taxonomy 

Grevillea laurifolia Sieber ex Spreng., Systerna Vegetabilium 1827 Curae . Posteriores, 46. 

Protologue: Ad Grevilleam R.Br. 

Post n. 1. laurifolia Sieb. 38. Gr. foliis oblongis acuminatis venosis subtus strigillosis, racemis multifloris 
spicatus, germinibus villosis. 

Type: ‘Nov. Holl! 

Lectotype: (fide R.O. Makinson 2000, p. 493): [New South Wales]: Blue Mountains, N. Holl., F.W. Sieber, 
‘Fl. Novae Holl. No. 26’ [Printed label] K799224 - specimen at right (Kew Neg. No. 2179). 
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Isolectotypes: ‘Blue Mountains’ A35402; ‘Grevillea laurifolia Sibe Nov Hollandia Sieber 26’ B10_0279562 - 
whole sheet; ‘Fl. Novae Holl. No 26’ BM915603- specimen at left of sheet; BR13460228; BRNM fasc. 6, 4.1, 
142/1117 (n.v.); G389255; G389256; G389420; ‘Fl. Novae Holl. 26’ G-DC327547- specimen at top right of 
sheet 3; GOET (n.v.); HI327341; HI327342; ’Fl. Novae Holl. No. 26’‘Sieber n. H. n. 26 Grevillea laurifolia e nova 

Hollandia Sieber’ HAL110459; ‘Blue Mounts N. Holl. Sieber’ K799223 - specimen at left of sheet; KL (n.v.); 
L39475; ‘Grevillea laurifolia Sibr Sieb. Fl. nov. Holl. n.26’ [J.G. Agardh script] FD1047733; ?FE (n.v.); ’Fl. Novae 
Holl. No. 26’ MEF47241 ex Hb. Sonder- whole sheet; ‘Grevillea laurifolia Sieber NovHolland’‘Fl. Novae Holl. 
No. 26’MEF47243 ex Hb. Sonder;‘Fl. Novae Holl. 26’NY284635 acc. 1835;‘Fl. Novae Holl. 26’P2372439 ex Hb. 
Univ. Cath. Paris; ‘Grevillea laurifolia Sieber N. Hollandia Hrbr Sieber nr. 26’‘Fl. Novae Holl. No. 26’ P750717 
ex Hb. Steudel ex Hb. E. Drake; ‘Fl. Novae Holl. No. 26’ Grevillea laurifolia Sbr Fl: Nov. Holland: n: 26’ P750718 
ex Herb Ad. Brogniart 1863; ‘Fl. Nov. Hollandiae Sieber No. 26’ PERTH1575899; ‘Fl. Novae Holl. No. 26’ Sieber 
S07-11437; ‘N.H. S.B.’S07-11438; TO (n.v.); TUB (n.v.);WRSF (n.v.). 

Description: Shrub prostrate, trailing, sometimes forming mats to 6 m across, stenobasic or multi-stemmed, 
ornithophilous, facultatively xenogamous, probably also geitonogamous, sometimes killed by fire, regeneration 
from seed or lignotuber. Branchlets elongate, sometimes distichous, often secund, subterete or slightly angular, 
faintly ribbed from decurrent leaf bases, ferrugineo-sericeous, the hairs ultimately evanescent. Leaves 
(1.8—)3—15(—17) cm long, (0.8-)1.5-6.2(-7) cm wide, alternate, well-spaced, lateral to the ground or suberect, 
smaller leaves frequently proximal to larger leaves, spreading to ascending, sometimes patent, petiolate, 
simple, ovate or narrowly so to almost round or elliptic, narrow-elliptic, oblong-elliptic or oblong; petioles 
(3-)6-28 mm long, usually strongly recurved, sometimes erect, angular, channelled on the adaxial surface, 
densely sericeous; leaf apex usually obtuse, sometimes acute, rarely emarginate, mucronate or not, the mucro 
non-pungent, short, recurved; leaf base equal or unequal, cuneate or broadly so, occasionally attenuate, sometimes 
truncate; leaf margins crenate, often undulate, flat to shortly recurved with a prominent edgevein; adaxial 
surface glabrous or with scattered appressed biramous hairs, smooth, faintly rugose, subbrochidodromous, 
the midvein, lateral veins and sinuous intramarginal vein prominent, granulate, tertiary reticulum evident, the 
lateral veins prominent, ascending at 40°-70° to the mid vein depending on leaf width, usually but not always 
terminating in a looped intramarginal vein, sometimes terminating in the adjacent lateral vein, reticulum also 
evident between the intramarginal vein and the edgevein, the midvein sometimes sprinkled with appressed 
hairs; abaxial surface densely white- or ferrugineo-sericeous, the hairs sometimes partly evanescent with age; 
midvein and lateral veins prominent, the midvein sometimes glabrous, the lateral veins covered with hairs 
when present. Conflorescences 2-4(-8) cm long, erect, simple to 3-branched, terminal, subterminal or axillary, 
usually leaf opposed, secund to hemispherical, acropetal, 16-40-flowered; buds 7-10 mm long, 4 mm wide, 
ellipsoid to ovoid-cylindrical, imbricate, conspicuous, spreading, pedunculate; peduncles (3.5-)5-25 mm 
long, 0.7-1.5 mm thick, usually decurved, sometimes erect, brown-sericeous or sparsely so; floral rachises 
(9.5-) 12-45 mm long, 0.7 mm wide, usually flexuous, angular, ribbed, densely red-sericeous, terminated by 
a subulate or truncate flowerless extension 1.5-5.0 mm long, the extension sometimes refracted, the nodes 
not raised, lateral, the floral scars oblong; peduncular bract 3-5 mm long, ovate-acuminate, solitary, distant; 
involucral bract 2.2 mm long, 1.5 mm wide, solitary; common bracts 1.5-2.5 mm long, 1.5-2.9 mm wide, 
broadly ovate, sometimes subspathulate, spreading or appressed, the tip often recurved to revolute, the abaxial 
surface densely ferrugineo-sericeous, flat to broadly convex, the adaxial surface glabrous, caducous before 
or sometimes persistent beyond anthesis. Flowers acroscopic; pedicels 2-4 mm long, sericeous; torus c. 1.5 
mm across, transverse to slightly oblique; nectary semi-annular, erect, the margin flexuous, entire, thin; pish/ 
9.5-25(-28) mm long; gynophore (0.75-) 1.3-4 mm long, densely sericeous to subsericeous with relatively 
long, white with intermixed red hairs; ovary c. 1 mm long, subvillous with hairs long, red and white, strongly 
ascending to appressed; style glabrous, exserted through the dorsal suture before anthesis, refracted above the 
ovary, either with persistent angular coursing and hooked apex or becoming smoothly looped and lacking a 

persistent hooked apex; style end smoothly but suddenly dilated, tightly enclosed in the limb before anthesis; 
pollen-presenter 1.0-1.4 mm long, 0.8-0.9 mm wide, oblique at (20o-)45°-60o(-70°), oblong-elliptic to almost 
round, convex; stigma prominent, ascending, central to distally off-centre; perianth 5-9 mm long, 1.8-2.5 
mm wide, zygomorphic, ovoid-sigmoid, red-sericeous on the abaxial surface, glabrous on the adaxial surface, 
coherent except the dorsal suture separating ontogenetically up to the base of the limb before anthesis; perianth 
limb declined to declined-revolute, globular, red-brown-sericeous, symmetrical; pollen yellow to amber. Fruit 
9-13 mm long, 4.5-5 mm wide, oblique on and usually inferior to a strongly curved stipe with attachment 
dorsal, dispermous or sometimes monospermous by abortion, slightly compressed, ellipsoidal, tomentose 
to tomentose-villous with red-brown stripes or blotches; pericarp c. 0.3 mm thick. Seed fide Blombery and 
Maloney (1992, p. 64), Olde and Marriott (1995, p. 228) 10-12 mm long, 3-4.2 mm wide, compressed- 
ellipsoidal, very narrowly winged all round or with a waxy border, the wing drawn out obliquely at each end 
and with a conspicuous eliaosome at the apex; outer face convex, rugose, glabrous; inner face flat, rugose, 
glabrous; margin shortly recurved. 
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Summary: Important distinguishing features of Grevillea laurifolia are its prostrate trailing habit, its leaves 
conspicuously petiolate, round to ovate, elliptic to oblong, the margin irregularly crenate, often undulate, shortly 
recurved or flat, the base cuneate to truncate, unequal or equal, the abaxial surface exposed, sericeous, the hairs 
sometimes evanescent, the venation brochidodromous or almost so, prominent on both surfaces, the texture 
markedly coriaceous; conflorescences secund to hemispherical, mostly terminal or subterminal, leaf-opposed, 
simple or few-branched, pedunculate; buds shortly cylindrical to narrow-ovoid, conspicuously bracteate; 
rachises ribbed, usually flexuous, with a short flowerless extension, a remote peduncular bract usually evident; 
torus transverse to slightly oblique, cupuliform; nectary prominent, erect, U-shaped; pedicels 1.5-3(-4) mm 
long, concolorous; perianth zygomorphic, slightly sigmoid, the abaxial surface densely sericeous, the adaxial 
surface glabrous; perianth limb symmetrical, obtuse, lightly ferruginous; hairs around or behind the anthers 
absent; ovary stipitate; the gynophore densely white-subvillous with reddish hairs intermixed, erect during 
floral ontogeny but often strongly incurved and superior on the dorsal side of fruits; style glabrous, exserted 
from the dorsal perianth suture; style-end abruptly expanded, green to yellow-green; pollen-presenter oblique, 
broadly convex, green; fruit compressed, ellipsoid, sometimes monospermous, the abaxial surface ecostate, 
densely white-tomentose with reddish-stripes and blotches; seed compressed-ellipsoid, marginate with short 
oblique terminal elaiosome. 

Discussion: The species in Group 35 sensu Olde and Marriott to which Grevillea laurifolia appears most closely 
related are all eastern species and all have divided leaves, including G. macleayana (McGill.) Olde 8c Marriott, 
which has mostly simple leaves but sometimes also has lobed leaves. Within that group G. laurifolia is the only 
species with simple, entire leaves, although it does have crenulate margins. While these crenulations might be 
interpreted as a form of division, evidence in other genera (e.g. Eucalyptus which never has divided leaves) 
and the lack of evident or suppressed venation to the terminal, suggests otherwise. Environmental pressures 
associated with the evolutionary change from lobed to entire adult leaves with crenulate margins are unclear as 
G. laurifolia frequently co-occurs with its putatively closest relative, G. acanthifolia, which has deeply laciniate, 
glabrous leaves with at least two orders of division. 

Key to subspecies of Grevillea laurifolia 

1 Leaves with an average blade length to width ratio >2.2: 1; longest petioles (12-)15-28 mm long; leaves 
mostly elliptic to oblong-elliptic or narrowly ovate-acuminate with base attenuate or not; longest leaves 
(6-)8.5-17 cm long; conflorescences dense, broadly secund to hemispherical (semicylindrical); floral rachises 
12-32(-45) mm long; perianth 5.5-6 mm long, the adaxial surface maroon to black-red; pistils 9.5-14(-14.5) 
mm long; style after anthesis angularly infracted .subsp. laurifolia 

l*Leaves with an average blade length to width ratio <2.2: 1; longest petioles <16 mm long; leaves mostly 
broad-elliptic, ovate or round, occasionally elliptic, rarely oblong-elliptic with truncate to broadly cuneate 
base; longest leaves 5.5-11.5 cm long; conflorescences moderately dense to open, secund; floral rachises 
(20-)25-50 mm long; perianth (6-)7-9 mm long, the adaxial surface red; pistils 17-25 mm long; style after 
anthesis arcuately incurved.subsp. caleyana 

Fig. 1. Grevillea laurifolia subsp. laurifolia Springwood, Blue Mountains. Photo P.M. Olde (Jun 2014) 
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Grevillea laurifolia Sieber ex Spreng. subsp. laurifolia 

Grevillea amplifolia Gandoger (1919, p. 231) 

Protologue: Grex G. laurifoliae Sieber. Spica patula, densa, ferruginea, folia 2.5-3.5 cm lata. Folia oblonga, 
basi attenuata. 

Type: Australia, ad Blue Mountains [New South Wales] (Baker n. 24041 Maidenl) 

Lectotype:/zde D.J. McGillivray (1973, p. 340): [New South Wales] CG. 2404 Grevillea laurifolia Sieb. Proteaceae, Blue 
Mountains, W.B. (W. Baiierlen) Aug 1899’ (LY -Hb. Gandoger, comm. R.T. Baker Technological Museum Sydney). 

Isolectotypes: cNo 2404 Grevillea laurifolia August 1899 Valley Heights, Blue Mountains, W. Baiierlen 
[W. Baiierlen script] MEL; NSW544178 - flowers. 

Possible isolectotypes: ‘Baiierlen s.n. July 1899’ ?B (n.v.); CANB (not found); K; MEL (not distributed); 
NSW544175; NSW544177; NSW974488; NSW974493; ‘Blue Mountains, Jul 99’ [Maiden script] NY02281147; 
?US (not found) - flowers. 

Residual syntype: ‘Blue Mountains, Australia J.H. Maiden s.n., Oct 1898 [Maiden script in part, Gandoger 
script in part] LY. 

Possible residual syntypes: ‘Leura Anon.[? J.H. Maiden], 10.98’ P02370403 ex NSW; ‘Burragorang to 
Wentworth Falls’ J.H. Maiden s.n., Oct 1898 (NSW92290, NSW841872). 

Discussion: Although Gandoger attributed R.T. Baker as collector of the lectotype, it is clear from the specimen 

label itself at LY that the collector was W.B. [W. Baiierlen] and that the specimen was sent to Gandoger by 
R.T. Baker. The specimen at NY was also remitted by Baker. The morphologically indistinguishable specimens 
collected by Baiierlen in July have been treated here as possible isolectotypes on the basis that they maybe part 
of the same collection event but incorrectly dated. 

Grevillea laurifolia ‘ smaller-flowered form sensu McGillivray and Makinson (1993, p. 58) 

Description: Leaves (5.5-)6-15(-17) cm long, (0.8-)l.6-5.2 cm wide, narrowly ovate-acuminate to oblong 
or oblong-elliptic, occasionally broadly elliptic; longest leaf blades 6.5-14.2 cm long, the abaxial surface 
frequently with a sparse indumentum or densely sericeous; ratio of the longest leaf to the widest leaf per 
specimen 1.8-3.7(-6.1): 1; overall leaf blade length to width ratio 2.2-3.5:1; leaf base attenuate to cuneate, 
sometimes truncate; petioles (8-) 15-28 mm long; unit conflorescences broadly secund to hemispherical, dense; 
floral rachises 12-30(-45) mm long; rachis extension 1.75-5 mm long; common bracts 1.75-2.5 mm long, 
1.5-2.5 mm wide; peduncular bracts 3-6 mm long; peduncles 3.5-18 mm long; 16-30(-34)-flowered; flower 
with perianth maroon red outside, maroon to blackish red inside, the beard white, limb maroon-red; style 
pinkish-red or dark red with green to yellow-green style-end and pollen-presenter; pedicels 2-3(-3.5) mm 
long; perianth 5-6 mm long, 1-1.8 mm wide; pistils 9.5-14(-14.5) mm long; gynophore (0.75-) 1.0-2.0 mm 
long; style angularly twice refracted, infracted just above the ovary, hooked 1-2 mm below the apex; pollen- 
presenter oblique at 20°-60°. 

Chromosome number: n = 10 fide Ramsay (1963, p. 11). 

Distribution: New South Wales, between Valley Heights and Wentworth Falls at elevations of 250-835 m. 

Phenology: Specimen data record flowers from every month of the year but, from personal observation, 
winter-spring appears to be the main flowering flush with occasional flowers outside these times. Episodic 
flowering in response to a drought-breaking storm might also account for some out-of-season flowers. Fruits 
were observed forming in November 2014 on a population at Springwood. 

Habitat: Grows in open Eucalypt forest, mostly on dry stony ridges, trailing over sandstone outcrops or 
embankments in sandstone-derived, shallow sandy soils, often with numerous loose stones. It is generally 
associated with xerophytic species tolerant of dry, hot conditions. 

Conservation status: There appears to be no immediate conservation imperative with respect to G. laurifolia 
subsp. laurifolia. However, this taxon is strongly impacted by residential development and needs a full assessment. 

Variation: In the lower Blue Mountains, between Warrimoo and Woodford, pistil length for G. laurifolia subsp. 
laurifolia ranges from 9.5-12 mm long. Some specimens at Wentworth Falls have pistils 13—14(—14.5) mm 
long. A specimen with variegated leaves from Wentworth Falls collected by M. Thompson s.n. (NSW409029) 
appears, from the leaves in the photograph attached to the specimen, to belong with this subspecies. The 
specimen itself is in young bud. 
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The infertile specimen collected by I. Bowden s.n. (NSW4984) from Woodford, within the distribution of 
G. laurifolia subsp. laurifolia, has leaves with a leaf blade length to breadth ratio of 1.67, a ratio normally 
associated with G. laurifolia subsp. caleyana. The collecting notes indicate that it was growing ‘in association 
with G. acanthifolia and the probable hybrid G. * gaudichaudii. This plant is apparently also sharing genes 
with G. acanthifolia as the distal leaf on the NSW specimen appears lobed. It is here excluded from the 
circumscription of G. laurifolia. This is the only record of hybridisation involving G. laurifolia subsp. laurifolia 
and G. acanthifolia, which, at Woodford, is the most easterly record of the latter’s distribution. 

Selected specimens (27 examined): New South Wales: Valley Heights, W. Bailerlen 2404, Aug 1899 (B (n.v.), 
CANB, K (n.v.), MEL, NSW544177, NSW974493, NY, US (n.v.)); Springwood, [W. Bailerlen], Sep 1899 
(NSW544176); Linden Ridge, D. Benson 1553 & D. Keith, 11 Nov 1983 (NSW544174); Nelson Avenue, 
Wentworth Lalls, W. Blakely s.n., Oct 1938 (NSW92283); Martins Park, Larm Road., Springwood, R. F. Brown 

1035,10 Aug 1986 (NSW); Woodford, R.FI. Camhage 4010,6 Dec 1913 (NSW92287); Oxleys Lirst Expedition, 
A. Cunningham s.n. 1817 (NSW106086); ?20 miles [35 km] on the Blue Mountains,‘G. laurifolia seen Blue Mtns’ 
A. Cunningham 30, without date (K- specimen at right); Wentworth Lalls, H. Deane s.n., Nov 1888 (NSW92279); 
Eastern range of the Blue Mountains, C. Fraser s.n., without date (A ex BM); N. Hollande, Port Jackson, 
C. Gaudichauds.n., Dec 1819 (P02370407); Lawson, A.A. Hamilton s.n., 15 Oct 1898 (NSW92285); Springwood, 
R.W. Johnston s.n., 1 Oct 1948 (P03346533); Warrimoo, R. Johnstone 2650 &A. Orme, 8 Nov 2009 (AD255373, 
BRI, CANB723217, K, MEL2357608, NE, NSW799287, NSW883262); Wentworth Lalls, H.S. McKee 877,6 Dec 

1953 (MEL2174165); Woodford, /. Maiden s.n., 1899 (MEL, NSW92286); Sassafras Gully, Springwood, PM. 
Olde 93/23, 14 Aug 1993 (NSW972912); Lawson, c. 1 km S of Blue Mountain trig, PM. Olde 99/173, 5 Nov 
1999 (CANB571236, NSW534908); Tableland Road., c. 1 km from Queen Victoria Memorial Hospital towards 
Highway, Wentworth Lalls, PM. Olde 99/174, 5 Nov 1999 (CANB571397, MEL2203845, NSW534907); Track 

to Martins Lookout, off Larm Road., S of Springwood. 33°43’S 150°34’E, P. M. Olde 2000/01 & A. Graham, 
30 Jan 2000 (NSW534923 - flowers); 8 km from Laulconbridge, /. Pulley 858, 28 Sep 1971 (CBG42561); 
Blue Mountains, W. Woolls s.n., ? Leb 1870 (MEL2174154). 

Fig. 2. Grevillea laurifolia subsp. caleyana. Near Hartley, N.S.W. Photo P.M. Olde October 2014 

Grevillea laurifolia subsp. caleyana P.M. Olde, subsp. nov. 

Affinis subspecie laurifoliae sed foliis plerumque brevioribus latioribusque, 2-8.5(-12) cm longis, 2-4.6(-7) 
cm latis, vel ovatis vel ellipticis vel rotundis, conflorescentiis forte secundis, floribus minus confertis, pistillis 
longioribus (> 15 mm longis), stylis arcuatis, floribus rubicundis differt. 

Type: New South Wales. Eastern side of Mt Banks, on Explorers Range Track, Blue Mountains National 
Park, 33°35'22''S 150°22'37"E, W.A. Cherry s.n., R.G. Coveny, P.D. Hind & D.G. Williams, 15 Dec 2004 
(holo: NSW763209; iso: AD, BM, CANB, G, NSW794548, MEL, NY, PERTH (distribuendi). 

?Grevillea cordigera Gandoger (1919, p. 231) 

Protologue: Ad G. parvifloram R. Br. accedunt.Lolia ovata, basi cordata. 

Type: Australia, N.S.Wales, Walter! (holo: LY). 
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Description: Leaves (1.8-)2-8.5(-11.5) cm long, 2-6.2(-7) cm wide, ovate to ovate-elliptic, subcircular to 
broadly elliptic; longest leaf blades 3.5-9.8 cm long, densely sericeous on the abaxial surface; ratio of the longest 
leaf to the widest leaf per specimen 1.38-2.6: 1; overall leaf blade length to width ratio 1.2-2.1: 1; leaf base 
broadly cuneate to truncate, occasionally attenuate; petioles (3—)5—15 mm long; unit conflorescence secund, 
moderately dense; floral rachises (10-)25-45(-50) mm long; rachis extension 1-5 mm long; common bracts 
l. 5-3 mm long, 2-3 mm wide; peduncular bracts 2-5.5 mm long; peduncles 5-25 mm long; 14-40-flowered; 
flower with perianth red outside, purplish-red inside on the dorsal tepals at the curve, the exposed beard 
white; limb dull yellow; style bright red with green to yellow-green style-end and pollen-presenter; pedicels 
(2-)3-4 mm long; perianth (6-)7-9 mm long, 2-3 mm wide; colour of adaxial surface of perianth red; pistils 

(15-) 17-25 mm long; gynophore 2-3(-4) mm long; style initially angular soon smoothly incurved to suberect; 
pollen-presenter oblique at 20°-70°. 

Distribution: New South Wales mainly in the upper Blue Mountains and on the slopes of the Great Dividing 
Range, between Wentworth Falls and Lithgow, south to around Mt. Werong and east from Wombeyan Caves 
towards Mittagong. Elevation ranges from c. 500 m to 1000 m. Specimens from beyond Colong and Mt. Werong 
were first recorded by Cambage (1911, pp. 581 and 582). 

Phenology: Flowers have been recorded from specimens between (March-) June-January but the main 
flowering period is from November-January, generally much later than for G. laurifolia subsp. laurifolia. 

Habitat: Grows in sclerophyll forest, often in the interzone between dry sclerophyl forest and heathy swamp. 

In the latter habitat, it frequently co-occurs with Grevillea acanthifolia, with which it is known to hybridise in 
disturbed conditions. In these situations, G. laurifolia occupies the drier, better-drained margins. It also occurs 
in well-drained sandstone-or granite-derived sandy soils either in low scrub under a canopy of Eucalypts or 
in more exposed situations under scattered taller plants that include Banksia, mallee Eucalypt, Casuarina. 
Although populations at higher elevations are often found near moist depressions or around the margins of 
perched swamps, it is generally tolerant of a wider range of conditions than its congener, G. acanthifolia and 

they do not always co-occur. Grevillea laurifolia subsp. caleyana is mostly found at altitudes in excess of 800 
m. However, habitat altitude at around 500 m in the Wombeyan Caves area suggests that elevation alone is not 
driving evolution in this species. 

Grevillea laurifolia subsp. caleyana is the taxon commonly cultivated for its larger flowers. 

Conservation Status: Not presently endangered as it is well conserved in a number of National Parks and 
Conservation Reserves. 

Etymology: From the latinised surname Caleyus - in honour of George Caley (1770-1829) and the Latin suffix 
‘-ana. The epithet selected aims to acknowledge Caley s epic journey, his recognition of the plant’s distinctness 
for which he supplied the provisional epithet procumbens’, his leadership and his ability and willingness to 
make botanical collections on such a difficult journey. 

Variation: A specimen with variegated leaves has been collected at Newnes Plateau by G. D’Aubert 732 & 
K. Marriott (NSW227741). The specimen is infertile but is deemed, from its leaves and distribution, to belong 
with subsp. caleyana. 

Discussion: Grevillea laurifolia subsp. caleyana is part of a morphologically distinctive, widespread population, 
parapatric with respect to G. laurifolia subsp. laurifolia, that was sampled by George Caley at Mount Banks in 
1804. Apart from distribution, the strongest characters in its recognition are its pistils >15 mm long and a 
leaf blade length to width ratio < 2.2:1. An opportunity for belated botanical recognition of Caley s discovery 
is thereby afforded in recognition of the new subspecies. Caley’s extant specimens (BM915603, NSW113814, 
PERTH2440202) are diagnostically compromised. An image of Caley s collection from Mt Banks can be viewed 
online by searching Grevillea laurifolia at http://plantnet.rbgsyd.nsw.gov.au, where there is also a distribution 
map for the whole species. Better specimens recently collected from the Mount Banks area are clearly part of 
the undescribed taxon here recognised as G. laurifolia subsp. caleyana. 

Apart from the morphological and ecological features cited in support of its recognition, the capacity to 
resprout from lignotuber in at least one population at Clarence, observed in October 2014 by the author 

following wildfires in the Blue Mountains in 2013, might also be more widespread and further observations of 
fire response in all populations is recommended. Musson and Fletcher (1927, p. 127) also recorded thatcin very 
old plants the basal thickening forms a large knob and the stems arising from it may be an inch in diameter or 
more for some feet from the base’. 
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Specimens Seen (73 examined): Australia: New South Wales: Central Tablelands: Leura, R.T. Baker s.n., 
20 Jan 1911 (NSW544180); 3 km from Great Western Highway towards Mt. Victoria Lookout, P. Beesley 224, 
S. Donaldson & P. Ollerenshaw, 22 Nov 1984 (CBG8411611, NSW544193); Loombah Plateau, 41 km west of 
Yerranderie, D. Benson 2440 & D. Keith, 20 Nov 1985 (NSW544182); Clarence - Mt Victoria, /. Boorman, 
Jan 1914 (NSW92263); Blackheath Creek, Hartley, R.F. Brown 2352, 12 Sep 1994 (NSW); Wentworth Falls, 

C. Burgess s.n., 9 Dec 1961 (CANB4977); Bell, C. Burgess s.n., 26 Mar 1968 (CBG22797); Shipley, Blackheath 
C. Burgess s.n., 9 Nov 1959 (CANB10461, NSW544196); ‘Near Mt. Banks [33°35’S 150°22’E], trails on the 
ground or procumbent’ G. Caley s.n., Nov. 1804 (BM915603 - specimen at right of sheet; NSW113814; 
PERTH2440202); Katoomba, W.M. Came s.n., Jan 1922 (NSW544199); Newnes Junction-Newnes 12 miles 
[19 km] E. Cheel 332, Nov 1901 (A); Mittagong to Wombeyan Caves, E. Cheel s.n., Dec 1912 (NSW92291); 
Blackheath, E. Constable s.n., 17 Nov 1946 (NSW3532); Medlow Bath, R. Coveny 11366, 17 Nov 1982 (A, B, 
CANB348553, COLO, K, L, LE, MO, NBG, NSW544192, PE, PERTH1820125, PRE, RSA, W); Mount Boyce, 
1.9 km NNW of Blackheath, R. Coveny 4752 & J. Armstrong, 4 Dec 1972 (A, DNA44548, NSW544189); 
Range Fire Trail, c. 1.7 km north of Chalkers Pinch, c. 29 km directly north-east of Taralga, L Crawford 4680, 
2 Jun 1998 (CANB612668,NSW466942); Mt Wilson, P. Croucher s.n.,8 Sep 1960 (CBG20252); Sandy parts of 
the Blue Mountains and near Cox’s River, A. Cunningham 36, without date (K799222 - Kew Neg. No. 2180); 
Grevillea laurifolia Br (humifusa [6 Sep] 1817 AC) B. Mountns, A. Cunningham [?30], 1817 (K - specimen 
with label at left); 7.5 km along Haystack Ridge, off Bells Line of Road, 33°32’S 150°23’E, A. Curry 8616, 17 
Jun 1986 (NSW240758); Newnes State Forest, G. DAubert 732 & K. Marriott, 15 May 1990 (NSW227741); 
Georgiana, Head of Abercrombie River, P.R. Daniel, Sep 1954 (NSW92293); Esk Bank, A.A. Hamilton s.n., Nov 
1914 (NSW92260); Megalong Creek, Megalong Valley, L.A.S. Johnson s.n., 1 Oct 1945 (NSW92274); Bindook 
Swamp, 7 miles SW of Yerranderie, L.A.S. Johnson 1072 & B.G. Briggs, 29 Nov 1966 (NSW96437); Broughton’s 
Lookout, beside road to Wombeyan Caves from Taralga, K. MacDougall 882,1 Nov 2000 (MEL2210914); Pierce’s 
Pass Track, 200 m from Bilpin-Bell road, D.J. McGillivray 3738,31 Oct 1976 (K, NSW544190, US); Wentworth 
Falls,/.H. Maiden & R.H. Cambage s.n., 14 Nov 1904 (CANB3090; NSW92280); Richlands-Wombeyan Caves 
Road, 5.4 km E ofWiaborough turnoff, W of Broughton’s Lookout, R.O. Makinson 108, R. Coveny & W. Bishop, 
18 Sep 1985 (NSW544195); Batsch Camp near Mt Werong, V Murtagh s.n., 5 Nov 1973 (NSW544183); Hyde 
Park Reserve, Little Hartley, P.M. Olde 14/07,6 Oct 2014 (NSW); Southern end of Sport Reserve, Langford St., 
Wentworth Falls, P.M. Olde 14/10, 27 Oct 2014 (NSW); Blaxland Road., corner of Beatty Street, Wentworth 
Falls, P.M. Olde 14/11, 27 Oct 2014; c. 4 km along Marrangaroo Creek firetrail, NE of Marrangaroo Army 
Depot,Lithgow,A.£. Orme400, R. Johnstone, & C. Whitton, 25 Oct 2003 (CANB583036,NSW616999); Ridge to 
Mt. Haystack, c. 3 km west of Mt. Tomah, /. Pickard 1228,24 Oct 1970 (NSW544185); Swamp on Mt. Cameron 
track c.lmWof Dinner Creek, 12 km N of Bell, /. Pickard 730 & D. Black, 16 Nov 1969 (NSW88629). 
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Abstract 

Lectotypes are selected for Andersonia R.Br (Ericaceae) and eight taxa within the genus: A. aristata Lindl. 
A. brevifolia Sond., A. heterophylla Sond., A. involucrata Sond., A. sprengelioides R.Br., A. lehmanniana subsp. 
lehmanniana (Sond.)L.Watson and A. lehmanniana subsp. pubescens (Sond.)L.Watson. Andersonia patens 
Sond. is lectotypified in synonymy with A. sprengelioides. 

Introduction 

During ongoing taxonomic study of Andersonia R.Br. (Lemson 2001, 2007) it has emerged that typifications 
of a number of species names require clarification. As noted by Crayn et al. (2014) Andersonia is also among a 
number of generic names within Epacridoideae (Ericaceae) that have remained untypified. This paper provides 
lectotypifications for the name of the genus and for several taxa at specific and subspecific levels in which it is 
advantageous to do prior to publication of new taxa. 

Methods 

Materials held at various herbaria were consulted. Where images are cited, they were provided by the host 
institution as indicated in the text, or accessed via the Global Plants Initiative portal (JSTOR 2000+). Herbarium 
abbreviations follow Index Herbariorum (Thiers, continuously updated). 

Typifications 

Andersonia R.Br., Prodromus Florae Novae Hollandiae et Insulae Van-Diemen: 553 (1810). 

Type (designated here): Andersonia sprengelioides R.Br., Prodromus Florae Novae Hollandiae et Insulae 
Van-Diemen: 554 (1810). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Notes: Browns (1810) treatment described the genus and six species, but did not supply typifications. Andersonia 
sprengelioides has been selected as the type because its taxonomy has been stable, its morphology is not widely 
variant and it is the species most commonly represented in collections outside the Natural History Museum 
(BM). All of Browns five other species are presently under review - A . squarrosa R.Br. and A. depressa R.Br. have 
been included in Andersonia caerulea R.Br., a species beset by taxonomic uncertainty and requiring substantial 
revision, while Andersonia micrantha and A. parvifolia are both morphologically variable and contain disparate 
elements that must be reconsidered. Hence, A. sprengelioides represents the best available option. 

Andersonia aristata Lindl., Sketch of the Vegetation of the Swan River Colony, xxv (1 Dec. 1839). 

Type citation: [not cited]. 

Lectotype (designated here): Western Australia: Vasse River, on the South West coast of New Holland, Mrs 
Molloy s.n., 1839 (CGE5075 - lower right specimen, image seen); isolecto: CGE5075 - lower central specimen 
(image seen). 

Residual syntypes: Swan River, Capt. James Mangles s.n. CGE5075 (image seen); Swan River Mr Toward 25, 
CGE5075 (image seen). 

Atherocephala drummondi DC, Prodromus 7: 767 (late December 1839) Type citation: ‘In Nova-Hollandia ad 
Swan-river legit cl. Drummondi (v. s. a. cl. inv.)’ 

Notes: The sheet at Cambridge comes from Lindley s personal herbarium, (C. Bartram pers. comm.) and 
includes four specimens from three separate gatherings (Fig. 1): two are attributed to Mrs [Georgiana] 
Molloy, and one each to Capt. James Mangles and Mr Toward. Neither the Mangles nor Toward collections are 
accompanied by locality information or collection date. The Molloy specimens are dated 1839 and given as 
originating at the Vasse River. 

Although Molloy is not explicitly acknowledged in the Sketch, Lindley is known to have used her collections 
in its preparation (Lines 1994, Hasluck 2002). The materials were supplied to Lindley by Mangles, for whom 
Molloy collected over the period 1838 to 1840 (Hasluck 2002). Her first collections were consigned from the 
Swan River colony at the end of 1838 aboard the Joshua Carroll (Molloy 1838, Hasluck 2002), which arrived at 
Margate on 21 April 1839 (Anonymous 1839). Lindley was clearly impressed with Molloy s specimens (Lindley 
1839a, Moyal 1981) and Molloy s later correspondence to Mangles (Molloy 1840) implies that Mangles had 
informed her contribution to Lindley’s publication (Hasluck 2002). 

The collecting locality refers to the region surrounding Busselton. Although the Molloy family lived at Augusta 

until mid 1839 (Molloy 1838, Hasluck, 2002), the letter enclosed in Molloys 1838 dispatch makes it clear that 
some specimens had been collected by her husband Capt. John Molloy whilst at the Vasse on other business 
(Molloy 1838, Hasluck 2002). 

On the CGE sheet the two Molloy pieces are separate, although the label is pasted across both bases. The piece 
on the right (Fig. 1, black arrow) is designated as the lectotype on the basis that it includes flowers at all stages 
of development. The specimen in the centre is an isolectotype. The remaining materials on the sheet are from 
other collections attributed to Capt. James Mangles and a Mr. Toward. Mangles visited the Swan River Colony 
in 1831 (Hasluck 2002) but there is no annotation that clarifies whether this piece was collected at that time. 
The origin of the Toward piece is also not completely resolved. These are not regarded as type material. 

In a previous revision (Watson 1962, p. 116) the type citation was given as ‘Swan River, 1838, Lindley s.n.’, 

with isotypes stated as being at K and BM. There is a sheet at Kew that appears to have come from Bentham’s 
collection, which carries two pieces - one attributed to Drummond and collected in 1839, and the other hand 
annotated as ‘Swan River, Lindley, 1838’. This could be the specimen referred to by Watson (1962), however that 
work contains no discussion of the basis of the type listing. While BM has no material of A. aristata that can 
be associated with Lindley, it does hold Drummond collections that may be type material of the heterotypic 
synonym, Atherocephala drummondii DC. That name is not considered here. 

Andersonia brevifolia Sond. in Lehm., Plantae Preissianae 1: 332 (1845). 

Type citation: ‘In planitie arenosa haud longe a Halfway House, York, d. 12 Sept. 1839, Herb. Preiss. No 462\ 

Lectotype: (here designated): Western Australia: In planitie arenosa haud longe a Halfway House, York, 
d. 12 Sept. 1839, Herb. Preiss No 462 (Lecto: MEL710502!); isolecto: C10010876 (image seen), HBG507634 
(image seen), LD1076302!, MEL710595!, MEL710596!, S08-3031 (image seen). 

Notes: A sheet at Hamburg (HBG507634) was previously identified as a holotype (Watson 1962). It carries 
a name label in Sonders hand and an annotation by Watson as ‘Type?’. The same treatment (Watson 1962) 
called a specimen at The National Herbarium of Victoria (MEL) a ‘haptotype and another at V. L. Komarov 
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Botanical Institute, St Petersburg (LE) an isotype. There was no explanation of the grounds on which the HBG 
material was thought to be the holotype (Watson 1962) and as Sonder (1845) does not explicitly indicate a 
single specimen, holdings at the Natural History Museum of Denmark (C), HBG, Lund University Botanical 
Museum (LD), LE, MEL, and the Swedish Museum of Natural History (S) should be considered syntypes 
under Art. 9.5 and Art. 40 Note 1 (McNeill et al 2012, McNiell 2014). 

At the same time, however, holdings at MEL carry substantial evidence of having been used in preparing the 
protologue - sheet MEL710502 is from Sonder’s personal herbarium, carries his personal notes and includes 
dissected flowers with a handwritten slip indicating the species name. The typification is therefore narrowed 
by lectotypification using the materials at MEL following Recommendations 9A.1 and 9A.3 (McNiell et al 
2012). A second sheet MEL710596 has mounted upon it two pieces, with the upper annotated ‘Part of type, 
ex Herb. Sonder.’ and the lower as ‘Haptotype, taken from the specimen in herb. MEL, ex herb Joachim Steetz’. 

These annotations were added by JH Willis in 1960 which suggests that, in all likelihood, this is the MEL 
material to which Watson (1962:99) referred 

Andersonia heterophylla Sond. in Lehm., Plantae Preissianae 1: 333 (1845). 

Type citation : ‘In locis calcareis silvae ad radices jugi montium Darling’s -Range, d. 29. Nov. 1839, Herb. Priess. 
No 460\ 

Lectotype (designated here): Western Australia: In locis calcareis silvae ad radices jugi montium Darling’s 
Range, d. 29 Nov. 1839. Leg. L. Priess. No 460 (MEL710497!); isolectotypes: LD1240104 (image seen), LE (image 
seen at K). 

Notes: The specimen at LE was previously listed as an isotype (Watson 1962, p. 101) and was the only type 
material noted in that citation. As no single holotype specimen was designated by Sonder (1845), materials at 
LD, LE and MEL are syntypes (McNiell et al 2012, McNiell 2014). Among these, the sheet at MEL is notable 
for in carrying annotations that can be directly associated with the describing author - MEL710497 is from 
Sonder’s herbarium, annotated in his hand, and carries dissected flowers in a packet with a name slip written 
in Sonder’s hand within it. It represents the best choice for lectotypification. On the sheet are mounted two 
separate pieces and the fertile piece in the centre of the sheet is selected as the lectotype. The smaller, sterile 
piece on the left is designated as an isolectotype. The isolectotypes at LD and LE (seen as a photograph at K) 
have not been annotated by the describing author. 

Andersonia involucrata Sond. in Lehm., Plantae Preissianae 1: 331 (1845). 

Type citation: In arenosis planitei districtus Sussex, d. 22 Dec. 1839, Herb. Preiss no. 463 (Vasse River: Mrs Molloy!). 

Lectotype (designated here): Western Australia: In arenosis planitei districtus Sussex, d. 22 Dec. 1839, Herb. 
Preiss no. 463 (lecto: MEL710499!); isolecto BM001040261!, BR510410 (image seen), C10010878 (image 
seen), GH61281 (image seen), HBG507626 (image seen), L0006484!, LD1076174 (image seen), MEL233184!, 

M02643949 (image seen at BM), P70746 (image seen), S08-3060 (image seen). 

Residual syntype: Vasse R: Mrs Molloy s.n.l (herbarium unknown). 

Notes: The Melbourne sheet MEL710499 carries material from Sonder’s herbarium, including dissected flowers 
and Sonder’s hand-written slips indicating a species name. Two pieces are mounted side by side, and the more 
complete left hand specimen is designated as the lectotype. As with A. brevifolia (above), material at HBG was 
previously listed as a holotype (Watson 1962, p. 125) without explanation, and specimens at LE and BM identified 
as its isotypes. In the absence of a single specimen nominated by the author (Sonder 1845), all duplicates of Preiss 
463 should be considered syntypes under Article 9.5 (McNiell et al 2012). Given that the materials at MEL carry 
direct evidence of use by Sonder the typification is narrowed by lectotypification using MEL710499. 

Sonder’s (1845) description includes reference to a syntype‘Vasse R: Mrs Molloy!’, however no Molloy collection 
of this species has yet come to light. Preiss’ number 463 is dated 22 December 1839, at which time he was 
visiting the Molloys at the Vasse (Molloy 1840, Hasluck 2002). Georgiana Molloy (1840) records that the two 
collectors exchanged materials (Molloy 1840, Hasluck 2002), so it is possible that Sonder saw her specimens 
in Preiss’ own herbarium. It is also conceivable that Molloys collections of this date were sent to Mangles in 
Lebruary 1840 (Molloy 1840, Hasluck 2002) as part of her second dispatch of seeds and herbarium specimens. 

Andersonia lehmanniana Sond. in Lehm., Plantae Preissianae 1:330 (1845). 

Type citation: ‘In solo limoso arenoso inter frutices prope oppidulum Guildford, Perth, d. 2 Jul. 1839. Herb. 
Preiss No 457 (Drummond n.496\)\ 
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Lectotype (designated here): Western Australia: ‘In solo limoso arenoso inter frutices prope oppidulum 
Guildford, Perth, d. 2 Jul. 1839. leg. Preiss No 457 (MEL710501!); isolectotypes: MEL710494!, C10010880 
(image seen), HBG507625 (image seen), LD1076238!, L402340!, L6485!, M0164774 (image seen), P760758 
(image seen), P760759 (image seen), ?SO8-3067 (image seen). 

Residual syntype: Swan River [Western Australia], Drummond no. 496! (MEL710495!, P00760760, LE 
(image seen at K)) 

Notes: Preiss 457 and Drummond 496 were not treated as syntypes by Watson (1962), when materials of Preiss 
457 at EIBG and BM were identified as holo- and isotype, respectively. There was no argument for why the 
HBG specimen was given as the holotype, and Sonder’s (1845) citation of both gatherings means that they are 
syntypes (McNiell et al 2012). There are materials of Drummond 496 at BM that originate from Shuttleworths 
herbarium and it is very likely that Sonder would have had access to them. 

The most complete and best annotated of all the known type materials are of Preiss 457 at MEL, where 
MEL710501 includes a Sonder label with a draft species description and dissected flowers. Priess 457 specimens 
at other herbaria carry no similar annotations. Materials of Drummond 496 have been located at at MEL, LE 
and P, but none carries annotations of the kind seen on MEL710501. The specimen of Drummond 496 on 
MEL710494 was part of Ferdinand von Muellers collection. Kew holds a photograph (Kew Neg. 4541) of a 

sheet at LE that includes Drummond 496 in a mixed mounting with Drummond 495 of A. lehmanniana subsp. 
pubescens and an un-numbered‘? Epacris pulchella. 

subsp. pubescens (Sond.)L.Watson Kew Bulletin 16: 118 (1962). 

A. pubescens Sond. in Lehm., Plantae Preissianae 1: 331 (1845). 

Type citation: ‘Swan River: Drummond n. 4951 (vidi in Herb. Shuttle worth)’. 

Lectotype (designated here): Western Australia: Swan River, 1839, Drummond [1st series] 495 (BM1040268!; 
isolectotypes, MEL233203!, MEL233204! K! P760761 (image seen), LE). 

Notes: The sheets at BM and K were earlier called as isotypes (Watson 1960), but are better considered syntypes 
(McNiell et al 2012). The specimen chosen as the lectotype (BM 1040268) is annotated as having come from 
Shuttleworths herbarium, and is the most complete. Although MEL233204 is from Sonder’s own collection, 
numbered 495, and accompanied by handwritten notes it consists only of six small and separate fragments. 

Andersonia sprengelioides R.Br. Prodromus Florae Novae Hollandiae et Insulae Van-Diemen: 554 (1810). 
Sprengelia andersonii F.Muell. Fragmenta Phytographiae Australiae 6: 64 (1867). 

Type citation: “(M) v.v.”. 

Lectotype (designated here): Western Australia: King George’s Sound, December 1801, R. Brown [Bennett 
No. 2502] (BM1040269!); isolectotype: K349423!, K844564!, P760753 (image seen)) 

Synonym: Andersonia patens Sond. in Lehm., Plantae Preissianae 1:331 (1845). 

Type citation: In solo turfoso inter frutices densos planitiei prope oppidulum Albany, Plantagenet, 
d. 8 Oct. 1840, Herb. Priess. No. 451. 

Lectotype (designated here): MEL233194!, isolecto: MEL710491, HBG507623 (image seen), L6487!, L6488 
(image seen), M164772 (image seen), M164773 (image seen) P760756 (image seen). 

Synonym: Andersonia fraseri Sond. in Lehm., Plantae Preissianae 1: 331 (1845). 

Type citation: In New South Wales leg. Fraseri (herb. Shuttle worth)’ 

Notes: Watson (1962) considered the material at BM as the holotype, and the K material as an isotype. However, 
the materials at these herbaria and at P are better considered syntypes (McNiell et al 2012, McNiell 2014). The 
typification is narrowed using the BM materials, which are the most complete. 
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Herb. Univ. Cantab. 

TYPE o^&tcJA.%^cU. 
CLyvp,. 35, Swan River. Mr. Toward. 

Capt. James Mangles, R. N. 

Vasse River, on the South West coast 

of New Holland. 

Mrs. Mollov. 1839. 

i^L-. /f. 

Andersonia aristata m. 

Herb. Univ. Cantab. 

Andersonia aristata Lindl. 
In Swan River App, 25. 

Swan River. 

Figure 1. Lectotype of Andersonia aristata Lindl. (CGE5075) The lectotype is indicated with an arrow. Reproduced with 

permission of Cambridge University. 
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Abstract 

In the context of the elucidation of the ancestry of today’s commercial citrus crops, a lectotype is here designated 
for Citrus cavaleriei H.Lev. ex Cavalerie (Rutaceae, subfam. Aurantioideae), a species found in China and India, 
and one of the putative parents of C. xjunos Siebold ex Tanaka, the yuzu. 

Introduction 

The history of the domestication of citrus fruits is complicated by extensive hybridity between wild species, 
brought together by humans, and subsequent selection of apomictic clones, which make up the bulk of today’s 
commercial citrus crops worldwide (Mabberley 1997,2004,2013). 

The most significant globally are selections from the Citrus xaurantium L. complex, oranges and grapefruit 
etc., derived from crosses between C. maxima (Burm.) Merr., the pomelo, and the mandarin from southern 
China, generally known as C. reticulata Blanco. The lemons and bergamots are derived from crosses between 
this complex and C. medica L., the citron. Even though this is well-established, there are still outstanding issues, 
in that no unequivocally wild populations of either C. maxima or C. medica are known. Moreover, the type 
specimen of C. reticulata is from the Philippines, where the mandarin is not native and it is more than likely 
that this specimen represents part of the C. xaurantium complex, as many so-called mandarins represent 
hybrids (Mabberley 1997, Wu et al. 2014). If this is so, either C. reticulata must be re-typified or the name of a 
truly wild pure mandarin from China used for this wild parent of the oranges. 

The mandarin (cCitrus reticulata’) is also a parent, with C. japonica Thunb., the kumquat of China, of the 
calamondin, C. xmicrocarpa Bunge, itself a parent, with C. australasica F.Muell. (eastern Australia) of the sunrise 
lime, C. xoliveri Mabb., a commercial crop in Australia (Mabberley 2013). Another‘lesser’ citrus fruit, becoming 
increasingly fashionable in ‘the west’, including Australia, is an ancient Chinese citrus crop, the yuzu, C. xjunos 
Siebold ex Tanaka, which is held (Zhang and Mabberley 2008) to be another cross involving ‘C. reticulata’, this 
time with C. cavaleriei H.Lev. ex Cavalerie, a species wild in southwestern China and northeastern India. 

Citrus cavaleriei was first collected by the French missionary, Pierre Julien Cavalerie (1869-1927), who was 
born at Roussennac (Aveyron), France, and joined the seminary of the Missions Etrangeres de Paris in 1889 
(Anonymous 2015). Shortly after being ordained in 1894 he was sent to China, working in the Guizhou 
Province. Cavalerie collected a large number of plant specimens in China and was made a member of the 
Academie Internationale de Geographie Botanique, writing many articles in its journal, where C. cavaleriei 
first appeared, though attributed by Cavalerie there to Hector Leveille. Cavalerie described the locality of 

© 2015 Royal Botanic Gardens and Domain Trust 
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his new tree, “J’ai trouve dans les bois, loin de toute habitation, dans les environs de Ma-Jo et de Kai-Tcheou 
[Kai-chou], vers 1700 metres d’altitude”, [some 60 km NNE of Guiyang, the Kweiyang of Swingle (1913)]. In 
1919 Cavalerie retired to Kunming, where he was murdered by his servant in 1927. More than 200 allegedly 
new plant species were named after him. 

Citrus cavaleriei is a member of Citrus subg. Papeda (Hassk.) Swingle, a group including the familiar lime-leaves 
(or ckaffir lime [an offensive common name to be discouraged]), C. hystrix DC. of central Malesia (Mabberley 
2002), all of which species are marked by their prominently winged petioles. This group is in need of revision, 
for example, it is not clear whether C. cavaleriei is specifically distinct from C. latipes (Swingle) Tanaka of 
northeastern India (Mabberley and Kodela submitted). There is very little herbarium material available to 
clarify the status of these taxa. 

However, Citrus cavaleriei is the oldest binomial to be applicable to this group, so typifying it is important. The 
name is listed in Lauener’s (1967, p. 268) catalogue of the names attributed to Hector Leveille but no specimens 
of C. cavaleriei have been found in the Leveille herbarium (Rehder 1933), which was acquired by the Royal 
Botanic Garden Edinburgh (E). Although Leveille had many of Cavalerie’s collections, some appear to have 
been re-distributed or lost. Lauener and Green (1961) pointed out that, in some cases, type specimens, which 
had at one time been lodged in the Leveille herbarium (E), were sent on loan and, during the Second World 
War, were lost or not returned. 

Recent searches to find type material of Citrus cavaleriei using Global Plants (JSTOR 2015) and various 
herbarium databases (including that of E) have not revealed any germane specimens. However, during a visit 
to P in February 2013, James Wearn (K), tracked down a specimen, first seen by the senior author in the 1990s, 

and which is here designated lectotype (Figs 1,2). This is original material collected by Cavalerie himself and 
comprises a branch with spines and the characteristic winged petioles. 

Citrus cavaleriei has been mistakenly placed in the synonymy of C. hystrix (Leveille 1911) and, more commonly, 
C. ichangensis Swingle (e.g. Swingle 1913). Leveille (1911) also dissociated himself from C. cavaleriei and 
stated that “cest un nom provisoire, un vrai nomen nudum” and went on to note that Swingle thought it to 
be C. hystrix. Cavalerie clearly did accept the name however. Rehder (1933, p. 227) wrote “that the name was 
published without [sic!] description by Cavalerie who states that it is a spiny Orange growing wild at an altitude 
of 1700 m near Ma-jo and Kai-tcheou in the province of Kweichou”, also considered C. cavaleriei a nomen 
nudum and, following Swingle, treated it as a synonym of Swingle’s later name, C. ichangensis. Cavalerie’s 
description, although brief, satisfies the criteria for valid publication: “...une espece d’oranger epineux, vivant 

sous bois, dans les pentes boisees. L’arbre est voute, tout couvert de mousse. Un sujet a des fruits de la grosseur 
d’un abricot et des fleurs en meme temps. Le fruit est dur et de forme arrondie; l’aile est tellement developpee 
quelle prend la moitie de la feuille” [a spiny orange species living in the woods, on the wooded slopes. The tree 
is arched, covered with moss. One example has fruits of the size of an apricot and flowers at the same time. The 
fruit is hard and rounded; the wing is so developed that it takes half of the leaf]. 

Nomenclature 

Citrus cavaleriei H.Lev. ex Cavalerie, Bulletin de Geographie Botanique 21: 211 (1911). 

Protologue citation: ‘J’ai trouve dans les bois, loin de toute habitation, dans les environs de Ma-jo et de Kai- 
Tcheou [Kai-Chou], vers 1700 metres d’altitude’. 

Lectotype (designated here): China: Guizhou Province, Kai-Chou, [c. 60 km NNE of Guiyang, Kweiyang of 
Swingle (1913)], PJ. Cavalerie 2936 (P5240963; photograph held at NSW). 

Note: The collection P.J. Cavalerie 2936 (P5240963) is designated as the lectotype, rather than considered to be 
the holotype, because there is no certainty that it was the only specimen used by Cavalerie (see Art. 9.1; ICN, 
McNeill et al. 2012). This is an uncited specimen rather than a syntype (Art. 9.5), because it is not a specimen 
cited in the protologue (see Art. 40 Note 2). It is original material because it can be shown to be a specimen 
upon which the description validating the name was based (Art. 9.3(a)). 

Citrus ichangensis Swingle, Journal of Agricultural Research 1: 1, tt. 1-7 (1913); Citrus xaurantium L. subsp. 
ichangensis (Swingle) Guillaumin, Les Citrus Cultives et Sauvages 28 (1917). 

Holotype: China: Western Hupeh, Hsing-shan Hsien [Xingshan Xian], 3000 ft, 7 May 1907, E.H. Wilson 2230 
(A); isotypes: A, BM, E, K. 
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Fig. 1. Lectotype of Citrus cavaleriei H.Lev. ex Cavalerie (P5240963) showing the distinctive leaves with prominently 

winged petioles. Photo: J. Wearn. 
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Fig. 2. Left hand label and determinavit slip (Tanaka wrongly placed Citrus cavaleriei in the synonymy of C. ichangensis 

Swingle) on lectotype sheet of C. cavaleriei. Photo: J. Wearn. 
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Abstract 

Impatiens pathakiana Gogoi & Borah, a new species is described and illustrated from Arunachal Pradesh, 
north-eastern India. The species is restricted to hilly slopes along margin of subtropical evergreen broad¬ 
leaved montane forests of Chaglagam (Dalai Valley), Anjaw district of Arunachal Pradesh, India. Diagnostic 
morphological characters distinguishing the new species from the morphologically similar species, 
I. fenghwaiana Y.L.Chen and I. wuyuanensis Y.L.Chen are discussed. 

Introduction 

Impatiens L. (Balsaminaceae) consists of more than 900 species distributed worldwide, except not occurring in 
South America (Chen et al. 2008), Australia and Antarctica. The genus comprises annual and perennial herbs 
that have conspicuous, striking and yet delicate flowers. The genus is represented by c. 210 species in India 
with two centres of diversity - the Eastern Himalaya and the Western Ghats (Dessai and Janarthanam 2011). 
Arunachal Pradesh, a part of Eastern Himalaya harbours a high diversity of Impatiens species, as well as a high 
degree of endemism. 

During an expedition to Anjaw district in 2012, the authors collected a pink large-flowered species of 
Impatiens. After critical examination of the specimens and comparison of descriptions published in previous 
literature (Hooker 1875, 1905, 1908, 1910; Toppin 1920, Grey-Wilson 1989, 1991; Vivekananthan et al. 1997; 
Swaminathan et al. 2001; Huang 2006; Chen et al. 2008; Dessai and Janarthanam 2011; Yu 2012; Bhaskar 2012; 

Gogoi and Borah 2013a, b, 2014,2015; Gogoi et al. 2013), it was concluded that this collection represented an 
undescribed species. The species is here described as new with coloured illustrations. 

Impatiens pathakiana Gogoi & Borah, sp. nov. Figs 1,2 (A-C) 

Close to Impatiens fenghwaiana Y.L.Chen but differs in the presence of a sub-umbellate inflorescence (sub- 
racemose in I. fenghwaina), sub-globose stipular glands at the base of the petiole, linear floral bracts, an awn 
or appendage in the floral buds, an awn in the mouth of lower sepal, a different pattern of lobation in lateral 
united petals and the clavate capsule. It also differs from I. wuyuanensis Y.L.Chen in having a sub-umbellate 
inflorescence (sub-racemose in I. wuyuanensis), sub-globose stipular glands at the base of the petiole, smaller 
linear floral bract, an awn or appendage in the floral buds, ovate lateral sepals, an awn in the mouth of the lower 
sepal, and a different lobation in the lateral united petals. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Holotype: India: Arunachal Pradesh: Anjaw District, c. 20 km before Chaglagam way from Hyuliang, 
96°35'32.87"E, 28°18'0.14"N, 1591 m,R. Gogoi & S. Borah 21827, 9 Sep 2012 (CAL !); isotypes: CAL !, ASSAM !, 
ARUN ! 

Perennial succulent herbs up to 70 cm tall. Stem glabrous, terete, swollen at nodes, greenish, internodes dark 
brown to greenish. Leaves confined to upper portion of stem, alternate-spirally arranged, stipulate, 2 stipular 
glands at base of petiole, sub-globose, stalked, apex bulbous, to 2.5 mm long, dark purple; petiole green, 
0.8-2 cm long, glabrous; blade elliptic, 3-10 cm long, 1-3.3 cm wide, veins 9-11 pairs, main vein purplish, 
base acute, slightly attenuate, margin crenate, with purple bristles, apex acuminate. Inflorescence axillary, sub- 
umbellate, 4-9 cm long, ebracteate, peduncle 3.5-4.5 cm long, green or brown with pink spots, 3-7-flowered, 
floral bud pinkish with distinct awn or appendage; flower pink, bracteate, bract linear, acuminate, pink, to 
2 mm long, pedicel pinkish or dark brown, 1.5-2 cm long, glabrous. Sepals: lateral sepals 2, light green to 

pink, equal sized, ovate, margin dentate, 2-3 mm long, 1-1.5 mm wide, apex acuminate; lower sepal navicular, 
constricted into a spur, 3.4-4.3 cm long, whitish or pink with darker spots, mouth 6-8 mm wide, with an awn, 
to 3 mm long, cream-yellow, spur 3-3.5 cm long, curved downward, whitish or pink with darker spots, apex 

blunt, green to yellow. Petal: dorsal petal orbicular, 1-1.3 cm long, 1-1.2 cm wide, pink, cucullate, ridged; lateral 
united petals pink, bilobed, sub-equal, 2-3 cm long, basal lobe to 1.3 cm long, to 0.5 cm wide, lanceolate, basal 
part of basal lobe whitish with purple spots, auricle minute, 1 mm tall, yellow, distal lobe to 1.5 cm long, to 1 cm 
wide, triangular, apex obtuse; stamens 3-4 mm long, anther lobes obtuse. Capsule clavate, greenish with pink 

spots, 1.5-2 cm long, 0.2-0.3 cm wide; seeds ovate, 1-1.5 mm, brown. 

Phenology: Llowering and fruiting in rainy season, July-September. 

Distribution and habitat: Impatiens pathakiana is endemic to Chaglagam (Dalai Valley) of Anjaw district of 
Arunachal Pradesh. It was found growing in the hilly slopes at 1500 m elevation. 

Etymology: The species is named after the Late Dr. Mithilesh Kumar Pathak, who worked in Central National 
Herbarium (CAL), Botanical Survey of India. All of his plant hunting expeditions were carried out in Arunachal 
Pradesh. He died suddenly after cardiac arrest in 2013. 

Note: Superficially I. pathakiana shows similarity with I. fenghwaiana Y.L.Chen and I. wuyuanensis Y.L.Chen, 
but the presence of a sub-racemose inflorescence, the absence of stipular glands at the base of the petiole (Pig. 
2E), the lack of bristles on the teeth of the leaf nmargin (Pig. 2D), the ovate to suborbicular floral bracts, the 
absence of an awn in the floral buds (Pig. 2P) and in the mouth of the lower sepal, a different pattern of lobation 
in the lateral united petals, and the linear-cylindric capsule in I. fenghwaiana Y.L.Chen as well as the presence 
of a sub-racemose inflorescence, the absence of stipular glands, the larger ovate floral bract, the larger ovate to 
suborbicular lateral sepals, the absence of an awn or appendage in the floral buds and a different lobation in 
the lateral united petals in I. wuyuanensis Y.L.Chen makes both of these species different from I. pathakiana. 

Conservation status: This species is only known from Chaglagam (Dalai Valley), Anjaw district of Arunachal 
Pradesh. Although its conservation status is unknown, it should be considered as potentially vulnerable until 
additional information is available. 

Other specimens examined: India: Arunachal Pradesh: Anjaw District, c. 20 km before Chaglagam way from 
Hyuliang, 96°35'32.87"E, 28°18'0.14"N, 1591 m, R. Gogoi & S. Borah 21813, 6 Sept 2012 (CAL !, ASSAM !, 

ARUN!). 
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Fig. 1. Impatiens pathakiana. A. basal portion of stem; B. flowering twig; C. upper portion of stem showing stipules; 

D. bract; E. floral bud; F. frontal view of flower; G. back view of flower; H. lateral view of flower; I. lateral sepals (dorsal); 

J. lateral sepals (ventral); K. dorsal petal (dorsal); L. dorsal petal (ventral); M. lower sepal; N. lateral united petals (dorsal); 

O. lateral united petals (ventral); P. stamens with pedicel; Q. capsule. 
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Fig. 2. Comparisons between Types of Impatiens pathakiana (R. Gogoi & S. Borah 21827) and I. fenghwaiana Y.L.Chen 

(.PE39706, reproduced with the permission of Chinese National Herbarium, Institute of Botany, Chinese Academy of 

Sciences). 1. pathakiana A-C. A, showing the leaf margin, B, showing stipules and prominent awn in the flower bud, 

C, showing prominent awn in mouth of flower buds; I. fenghwaiana D-F. D, showing leaf margin, E, showing absence of 

stipule, F, showing absence of awn in floral buds. 
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Abstract 

Two new species of Cyperaceae endemic to the ultramafic area of southern New Caledonia are described: 
Chorizandragigantea J.Raynal ex K.L.Wilson and Schoenus rivularis J.Raynal ex K.L.Wilson. New combinations 
are made for three species of Cyperaceae in Australia and New Caledonia: Machaerinajohnsonii (K.L.Wilson) 
K.L.Wilson, M. planifolia (Benth.) K.L.Wilson and M. veillonis (J.Raynal) K.L.Wilson. 

Introduction 

New Caledonia is a hotspot for biodiversity, with a flora that is both rich and highly endemic at specific level. 
Nearly 78% of flowering plant species are endemic, with the level of endemism rising to 92% for species on 
the ultramafic substrate that covers nearly one-third of the island (Jaffre 1992, Morat et al. 2012). The family 
Cyperaceae is well represented in New Caledonia, with about 90 native species, about 35% of them endemic 
(Morat et al. 2012). The late Jean Raynal clarified the systematics of many members of the family Cyperaceae 
found in New Caledonia. However, his premature death left several species undescribed. Two of these are here 
published, using the manuscript epithets he had written on specimens in P. New combinations are made for 
another New Caledonian species and two from Australia in light of recent molecular studies (e.g. Viljoen et al. 
2013) indicating that Baumea and Machaerina belong in the same clade. 

I dedicate this paper to the memory of Jean Raynal (1933-1979), a botanist truly au tout rang mondial’ 
(Leroy 1980), and also to my late colleague Elizabeth Brown (1956-2013), who shared my enthusiasm for the 
fascinating flora of New Caledonia. 

Chorizandra R.Br. 

Chorizandra is a small genus of six species, found only in Australia and New Caledonia. It belongs to subfamily 
Mapanioideae, members of which have inflorescence structures that differ from the rest of the family. What 
appear to be spikelets on casual observation in this subfamily are actually compact, complex spike-like 
reproductive units. These units are subtended by an inflorescence bract and a split prophyllar bract; they are 
made up of a variable number of usually scale-like bracts that are sterile (often scattered through the unit) or 
subtend a single anther or a female flower (only the uppermost). The long-running debate about whether the 
female flower is truly terminal in Mapanioideae - a key difference from the structure of indeterminate spikelets 
found in the rest of the family - has been resolved in the affirmative by the ontogenetic and gene protein study 
of Lepironia (Prychid and Bruhl 2013). Eiten (1976) regarded this basic reproductive unit as a pseudanthium. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Kukkonen (1984) called this unit a spicoid, defined as a lateral, determinate or closed floral unit that would be 
called a spikelet except that it terminates in a flower. Simpson (1992) followed this terminology for Mapania. 
In the Flora of New South Wales and Flora of Victoria treatments (Wilson 1993, 1994a, respectively) I used 
the term pseudospikelet as a neutral descriptive term suitable for a general audience. Developmental studies 
such as those on Exocarya sclerioides (Richards et al. 2006), Paramapania parvibractea (Vrijdaghs et al. 2006) 
and Lepironia articulata (Prychid and Bruhl 2012) are clarifying the reproductive units in the subfamily. The 
current investigation of Chorizandra by C. Prychid and J. Bruhl (pers. comm.) is not yet completed, so I am 
here using the terminology of Wilson (1993,1994a), viz., calling the basic reproductive unit a pseudospikelet 
and using the term glume for the bracts that subtend male or female reproductive parts. 

The inflorescence in Chorizandra is head-like: a dense cluster of numerous pseudospikelets. ‘Core is here 
used for the solid central area of the inflorescence to which the pseudospikelets are attached. The axis of a 

pseudospikelet remains attached to the core after the floral parts of the pseudospikelet drop at maturity. The 
shape of the core is easily observed on over-mature specimens or, if material is plentiful, by cutting longitudinal 
and transverse sections of the inflorescence. 

Glume shape in Chorizandra changes gradually from the base to apex of a pseudospikelet. Glumes range 
from more or less folded laterally and concave near the base of the pseudospikelet to flattened (or cucullate in 
C. cymbaria) near the top, the basal glumes broadening to their apex (often spathulate) while those near the 
top of the pseudospikelet are more or less linear (parallel-sided). Glume length in the following description 
refers to the widest glume in a pseudospikelet (i.e., those near the base of the pseudospikelet). Glume colour in 
the genus is generally paler (white to pale brown) at the base of a glume and darker golden brown or red-brown 
at the apex of a glume. 

Fig. 1. Chorizandra gigantea - typical example of this taxon 
(NSW201918) showing elongated culms and compact 
pseudolateral inflorescence (at bottom right). 

Fig. 2. Chorizandra gigantea. A, culm showing 

pluritubulose pith. B, an older inflorescence (top) showing 
the raised solid core covered in pseudospikelet axes from 
which most of the floral parts have fallen, and a younger 
inflorescence (bottom) showing the partly sheathing 
base and more or less unitubulose pith of the lowest 
inflorescence bract and the dried styles exserted from 
pseudospikelets (NSW201918). 
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Chorizandra gigantea J.Raynal ex K.L.Wilson, sp. nov. Figs 1,2 

Diagnosis: A C. cymbaria culmis grandioribus ac non verruculosis, plerumque pluritubulosis, inflorescentia 
globosa, ellipsoidea vel hemispherica differt. A C. australis culmis plerumque pluritubulosis, glumis minoribus 
pallidoribus differt. 

Type: New Caledonia: Province Sud: Grand Lac, H.S. MacKee 3375,15 Novi955; holo: P607399; iso: NSW46045. 

Erect aquatic perennial, with culms closely packed on a tough rhizome. Culms terete, 90-200 cm long, 3-7 mm 
diam. about halfway along its length, pluritubulose, rarely unitubulose above (transverse septa not obvious 
externally when fresh), glabrous, longitudinally finely striate but not verruculose, mid-green. Lower leaves 
reduced to sheaths; upper leaf blades terete, to 180 cm long, shorter than culms, about same diameter as culms, 
pluritubulose, rarely unitubulose above; sheaths loose, pale brown at maturity, to 30 cm long, variably septate- 
nodulose on adaxial surface. Lowest inflorescence bract erect, appearing continuous with culm, 12-40 cm 
long, pluritubulose or rarely unitubulose, septa not visible externally; margins of the base of this bract and of 
several much smaller inflorescence bracts above the lowest hyaline to yellow-chartaceous, not or faintly red- 
dotted, slightly enlarged but not strongly sheathing inflorescence. Inflorescence pseudolateral, hemispherical 
to globose or ellipsoid, dense, 10-24 mm long, 7-15 mm diam., with numerous pseudospikelets; core raised- 
ellipsoid to ovoid or hemispherical. Pseudospikelets with several sterile glumes at the base, c. 10-16-flowered, 
flowers all male except for uppermost, which is female. Glumes spirally arranged, 3.5-5.0 mm long, to 1.5 mm 
wide, spathulate to nearly linear, thin-textured, whitish near their base, pale brown to red-brown in upper half 

and with narrow whitish band at apex, glabrous, at least several lower glumes keeled near apex; apex more or 
less praemorse, obtuse to acute. Stamen 1 per flower; anther 1.5-2.2 mm long, excluding apical appendage 
0.1-0.3 mm long. Style 3-5-fid, white when fresh. Fruit (only seen immature) obovoid, with 8-12 longitudinal 
ridges, with faint and irregular transverse ridges, tough, c. 3.5 mm long, c. 1.8 mm diam., dull red-brown. 

Distribution: The Plaine des Lacs region in the south-east of New Caledonia. 

Habitat: This aquatic species grows in water to at least 2 m deep, with culms and inflorescences extending 0.5-1 m 
above water level, in lakes and waterholes associated with streams through the maquis on ultramafic soils. 

Phenology: Flowering apparently June to March; no mature fruit seen. Limited fertile material was available. 
In particular, specimens with mature fruits are needed. 

Conservation status: The species was assessed as VU (Vulnerable) by Jaffre et al. (1998), under the informal 
name cChorizandra sp. (MacKee 43278)’. Jaffre et al. (1998, 2010) point to the paucity of conservation areas 
throughout New Caledonia, and the limited statutory protection afforded by many of the existing reserves, 
particularly from disturbance caused by mining. All of the known localities of this species on the Plaine des 
Lacs and along the Riviere des Lacs fall within the recently declared Ramsar site Les Lacs du Grand Sud 
Neo-Caledonien (Barnaud et al. 2014), but that status probably confers no real protection against disturbance 
caused by the neighbouring nickel-mining sites, whether from activities associated with the open-cut mining 
itself, other land clearing, or changes to the hydrological regime. The only territorial reserve that the species is 
known to occur in, the Chute de la Madeleine special botanical reserve, offers no statutory protection from any 
future mining disturbance, whether it occurs upstream or adjoining the reserve. 

Etymology: From the Greek gigas, a giant, in reference to the culms, which are much longer than any other 
species in the genus. Specimens of this species in P were given the manuscript epithet gigantea by the late Jean 
Raynal. It is my pleasure to preserve the epithet and the authorship as given above in memory of that excellent 
cyperologist whose career was cut tragically short. 

Notes: This species was referred to by Cook et al. (1974, p. 196), but the name was a nomen nudum there. 

The glumes are not as dark red-brown at the apex as commonly found in other species in this small genus. 
Chorizandra differs from C. cymbaria R.Br., the only other species in New Caledonia, in having much longer 
culms, which are never verruculose. It has an inflorescence core that is elongated as in C. cymbaria but differs in 
being prominently raised with shorter, more slender pseudospikelet axes, and the complete inflorescence shape 
is globose to hemispherical rather than clearly elongated as in C. cymbaria, which has fewer pseudospikelets. 
Culms, leaves and the main inflorescence bract are generally pluritubulose but culms and leaves may rarely 
be unitubulose above (particularly in more slender plants), whereas C. cymbaria has the culms and leaves, 
although always unitubulose above, often pluritubulose towards the base (including in most specimens from 
New Caledonia). 

The species differs from C. australis K.L.Wilson, the only species of comparable size and the most strongly 
aquatic of the Australian species, in having culms, leaves and inflorescence bract pluritubulose (rarely 
unitubulose near apex) whereas in C. australis the culms, leaves and lowest inflorescence bract are mostly 
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unitubulose (culms often pluritubulose below). The inflorescence core in C. gigantea is ellipsoid to ovoid or 
hemispherical (globose to hemispherical in C. australis). Glumes in C. gigantea are pale red-brown in the upper 
half, shorter and usually narrower (3.5-5 mm long, to 1.5 mm wide) compared to those of C. australis (dark 
red-brown in the upper half, 5-6 mm long, to 2.5 mm wide). 

Specimens examined: New Caledonia: Province Sud: Riviere des Lacs en aval de la Chute, J.-F. Cherrier per 
H.S. MacKee 43278,26 Sep 1986 (P1727435); Grand Lac, A.U. Daeniker 291,12 Oct 1924 (P6897640); Marais 
Kiki, H. Huerlimann 3168, 17 Jul 1958 (G), H. MacKee 4157, 25 Mar 1956 (NSW241289); Grand Lac, H.S. 
MacKee 36983, 4 Jun 1979 (P6897635 to P6897639); Lac en Huit, G. McPherson 2992, 30 Aug 1980 (MO n.v., 
NSW242561), /. Raynal & T. Jajfre 16482, 28 Sep 1971 (P1227433, BISH n.v., G n.v., MO n.v., NSW881425), 
KL. Wilson 7755, P. Weston & J.-M. Veillon, 5 Feb 1991 (NSW237201); Chute de la Madeleine, KL. Wilson 7016, 
17 Mar 1987 (NSW201918, NE); Noumea-Yate road, 1.8 km NE of Riviere des Lacs, KL. Wilson 7192,28 Mar 
1987 (NSW196527). 

Machaerina Vahl 

Recent molecular studies (Viljoen et al. 2013 and references therein) indicate that Baumea Gaudich. is better 
treated as part of a more broadly circumscribed Machaerina. Combinations in the latter genus exist for all but 
one of the species found in New Caledonia and two in Australia, so the missing combinations are here made. 
Further study is needed to clarify relationships within this clade. 

Machaerina johnsonii (K.L.Wilson) K.L.Wilson, comb. nov. 

Basionym: Baumea johnsonii K.L.Wilson, Telopea 1:457 (1980). 

Type citation: Holotype: New South Wales: Central Tablelands: Govetts Leap, Blackheath, E.F. Constable 
5576A, 10.xii.1964 (NSW). Isotypes: BRI, CANB, CHR, K, P. 

Type: Australia: New South Wales: Central Tablelands: Govetts Leap, Blackheath, E.F. Constable 5576A, 10 Dec 
1964; holo: NSW688397; iso: BRI-AQ311471, CANB2944931, CHR382501B, K883953, P601877. 

Machaerina planifolia (Benth.) K.L.Wilson, comb. nov. 

Basionym: Cladium tetraquetrum var. ? planifolium Benth., Flora Australiensis 7: 407 (1878). 

Baumea planifolia (Benth.) K.L.Wilson, Telopea 5: 589 (1994). 

Type citation: New South Wales: Northern Tablelands: New England, C. Stuart, [no date]; K. 

Lectotype (Wilson 1994b: 589): Australia: New South Wales: Northern Tablelands: New England, C. Stuart, 
[no date]; K883968. 

Machaerina veillonis (J.Raynal) K.L.Wilson, comb. nov. 

Basionym: Baumea veillonis J.Raynal, Adansonia, ser. 2,13(4): 469 (1974). 

Type citation: /. Raynal & J.-M. Veillon 16620, in uliginosis sylvae densae humidae Mois de Mai dictae prope 
flumen Album dictum ad partem austro-orientalem insulae Novae Caledoniae, 6.3.1973 (holo-, P!; iso-,NOU!). 

Type: New Caledonia: Province Sud: Mois de Mai,/. Raynal & J.-M. Veillon 16620, 6 Mar 1973; holo: P607383; 
iso: BISH n.v., CHR n.v., E n.v., G n.v., K883926, L n.v., M02195529, NOU, NSW805850, NY1163753, P607384, 
P607385, P752576, TNS n.v. 

Schoenus L. 

Schoenus (Cyperaceae subfamily Cyperoideae tribe Schoeneae) as currently circumscribed is at its most 
diverse in Australia (over 110 species). There are several endemic species in New Caledonia, one of which is 
here described. Relationships within the genus and generic limits in tribe Schoeneae are being investigated 
further with Jeremy Bruhl (NE) and associates Adele Gibbs and Paul Musili, Russell Barrett (CANB) and Tony 
Verboom, Muthama Muasya and associates (Cape Town, South Africa). 

In Schoenus there are usually several to numerous leaves clustered at the base of a culm. Only the basal leaf 
uppermost on a culm should be compared for ligule and sheath apex details. All leaves below that uppermost 
leaf tend to have reduced blades and deeply split sheaths in all species. 
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Fig. 3. Schoenus rivularis - isotype (NSW877938). 
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Fig. 4. A, Nuts of Schoenus rivularis, that on the right with remnant stylebase still attached. B, Nuts of S. pauciflorus 
with hypogynous bristles (left) and S. rivularis (right). C, Junction of leaf blade and sheath showing ligule (arrowed) in 
S. rivularis. (S. rivularis: NSW877938; S. pauciflorus: NSW90813). Scale bar = 1 mm. 

Schoenus rivularis J.Raynal ex K.L.Wilson, sp. nov. Figs 3,4 

Diagnosis: A S. paucifloro vaginis foliorum hebetatibus pallidioribusque complanatibus que fissibus 
profundeque, periantho destituto differt. 

Type: New Caledonia: Province Sud: Col de Plum, /. Raynal and H.S. MacKee 16446, 26 Sep 1971; holo: 
P607450; iso: NOU, NSW877938, P607451, P710604). 

Erect slender perennial, tufted, very shortly rhizomatous, 45-75 cm tall. Culms 1-noded, rarely not noded, 
obscurely trigonous to terete, longitudinal ribs very prominent when dried, glabrous, to 45 cm long, 0.6-1.0 mm 
diam. Leaves mostly basal, with well-developed blade and pseudopetiole, combined length to 35 cm; blade 
more or less trigonous in cross-section, ribbed on the angles, glabrous except for minute antrorsely aculeate 
prickle hairs towards the tapering, long-acute apex; sheath equitant (flattened laterally), pale yellowish brown 
to grey-brown with thinner textured pallid margins, not tightly clasping the culm, split adaxially for most of its 
length with margins not overlapping; junction of sheath and pseudopetiole/blade lacking a ligule but marked 
by a slight change in colour and texture; the single cauline leaf is similar but usually with the sheath darker red- 
brown and split adaxially for about half of its length. Lowest inflorescence bract erect, longer than inflorescence, 
5-35 cm long; bracts at upper nodes of inflorescence much shorter. Inflorescence slender, 3-14 cm long, with 
several very short internodes and usually with 1 long internode to 10 cm long, giving the overall appearance of 
2 narrow-oblong clusters of spikelets. Spikelets more or less long-pedicellate (pedicel to 10 mm long), 10-15 mm 
long, 2- or 3-flowered; glumes 3-5, 8-11 mm long, very narrow-ovate, long-acute, pale to dark yellow-brown 
or red-brown on the sides (darker near the green midrib), whitish on the margins, glabrous except for sparse 
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minute prickle hairs along midrib and occasionally sparse short white hairs at apex, sides nerveless; basal 2 
glumes may be sterile or with vestigial hypogynous bristles or bisexual; next 2 glumes with bisexual flowers; 
uppermost glume usually reduced, subtending a potentially bisexual flower that usually remains immature. 
Hypogynous bristles absent, or occasionally vestigial bristles to 0.7 mm long, remaining on the spikelet axis. 
Stamens 3; anthers c. 3.3-3.5 mm long, apiculum no more than 0.1 mm long. Style 3-fid, branching for 1/3— 
2/3 of its length, of similar thickness throughout, dark red-brown at maturity. Nut narrow-ellipsoid, with 3 
prominent angles (not strongly ribbed), shining, more or less smooth (minute isodiametric reticulate pattern 
visible at high magnification), whitish to dark grey, 1.8-2.0 mm long, 0.7-0.9 mm diam. 

Specimens examined: New Caledonia: Province Sud: Parc de la Riviere Blanche, H. Huerlimann 3431, 4 Sep 1958 
(P6896146); Route de Yate, 43 km apres le croissement des routes de Plum et de Yate, T. Jaffre 555, 16 Dec 1971 
(P2206078, P6896144, P6896145, NSW877951); Plaine des Lacs, T. Jaffre 1944, Aug 1977 (P2206079, BISH n.v., 

G n.v., MO n.v., NOU, NSW877254); Baie Ngo, Plaine du Champ de Bataille, H.S. MacKee 24462, 22 Oct 1971 
(P6896149, BISH n.v., CHR n.v., G n.v., MO n.v., NSW877255); rive S du lac de barrage de Yate, 1.5 km N de la 
Mine du Marais Kiki,/. Raynal and T. Jaffre 16460, 28 Sep 1971 (P6898143, NSW877952); Col de Plum, NE face 
of Mont Dore, K.L. Wilson 7810, 9 Feb 1991 (NSW237317, NE); southern side of Yate Reservoir, c. 1 km directly 
NNW of Mine du Marais Kiki, K.L. Wilson 7816, 9 Feb 1991 (NSW237353); Noumea-Yate road, on southern side 
of Yate Reservoir (10.5 km E of turnoff to Riviere Bleue Park), K.L Wilson 10004, 20 Aug 2001 (NSW479489, K, 
MO, NE, NOU, P). 

Distribution: Scattered in the southern ultramafic region of the main island of New Caledonia, from Col de 
Plum in the west to near Yate in the east. 

Habitat: Usually in open sedge-dominated swampy areas in the maquis, commonly associated with small 
streams and drainage lines. Jaffre (1980) noted this species as part of the extensive herbaceous layer at some 
sites of his low-growing Groupe VII (Association a Pancheria communis et Mooria buxifolia) vegetation type, 
occurring on damp sites on the Plaine des Lacs. 

Phenology: Poorly known but flowering at least August-September; fruiting at least October-February. 

Conservation status: The species is relatively widespread over the southern ultramafic region, so has not 
been officially listed as threatened. It is not clear whether this rather inconspicuous species is more common 
than the relatively few specimens suggest, so its status needs further investigation. It has not been collected 
in any conservation reserves, but some populations fall within the Ramsar site Les Lacs du Grand Sud Neo- 
Caledonien (Barnaud et al. 2014). Its long-term survival could be affected, like most of the species in this 
region, by disturbance caused by mining and wildfire (Jaffre et al. 1998,2010). 

Notes: This species is morphologically similar in overall form to S. pauciflorus (Hook.f.) Hook.f. from 
New Zealand. It differs from that species in its paler, dull, more strongly flattened, deeply split leaf sheaths 
(dark red-brown, smooth and shining, more or less rounded and not split or shortly split (for 0.5-5 mm 
from apex) sheaths in S. pauciflorus) and its lack of hypogynous bristles (six bristles to twice as long as the 
fruit in S. pauciflorus) (Fig. 4). Both species show similarities to a small group of temperate South American 
species: S. andinus (Philippi) H.Pfeiff., S. antarcticus (Hook.f.) Dusen and S. rhynchosporoides (Steud.) Kuek. 
Kuekenthal (1938) placed all four of the then known species in subgenus Schoenus section Longisetes Kuek. 
along with S. neocaledonicus C.B.Clarke (and including S. juvenis C.B.Clarke as a variety of that). These latter 
two species show more affinity to section Nudicaules Kuek. 

Though not formally published until now, the species name has very occasionally been used in past ecological 
texts (e.g. Jaffre 1980). 

Etymology: From the Latin rivulus, a small stream or rivulet, referring to the occurrence of this species near 
small open streams and drainage lines in the maquis. 
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Abstract 

A new species of small tree, Cochlospermum arafuricum Cowie & R.A.Kerrigan sp. nov. from the wet-dry 
tropics of Australia is described and illustrated here. The species is distinctive in having the leaves divided 
for V3-V2 of their length with broadly triangular, aristate leaf lobes, conspicuously serrate margins, red outer 
staminal filaments and with most parts almost glabrous. It appears to be relatively common although not 
abundant and occurs in various woodland communities in foot slope situations over a wide area of central and 
eastern Arnhem Land. As there are no obvious threats or decline and the species is relatively widespread and 
common, it is assessed as Least Concern using IUCN criteria. A key to species of Cochlospermum in Australia 
is provided. 

Introduction 

Cochlospermum Kunth is a genus of around 14 species found in the tropics of the Americas, Africa, Asia 
and Australia, with five endemic in Australia and New Guinea (CHAH 2012; George 1982; Mabberley 2008; 
Poppendieck 1980; Short et al. 2011). The type of the genus, C. religiosum (L.) Alston, a native of India and 
Myanmar, also cultivated in SE Asia and Africa, is the only Asian species, while C. gillivraei Benth. occurs in 
both southern Papua New Guinea and northern Australia (Poppendieck 1980; van Steenis 1949). In Australia, 
three described species are known from the Northern Territory (NT) and Queensland, with two from Western 
Australia. The Australian and New Guinea species generally grow in open savanna vegetation in regions with 
a monsoonal or wet-dry tropical climate, although the recently described C. macnamarae Hislop, K.R. Thiele 
& D. Brassington occurs in the semi-arid Pilbara region (Hislop et al. 2013; Kerrigan & Dixon 2011). An 
additional, putative new species was recognised in the NT in 1998 based on three leaf-bearing but sterile 

collections, with additional collections made since that time showing a high degree of stability in leaf characters, 
allowing description of floral and fruit characters and providing certainty in the distinctness of the taxon. 

The taxonomy of species in the genus is largely based on the degree of division of the leaves and shape of 
the lobes, but anther size and shape of the anther pore, colour of staminal filaments, stipule and flower size 
and presence or absence of an indumentum provide important additional characters (Poppendieck 1980). 
While Poppendieck treated C. gregorii F.Muell. as a subspecies of C. gillivraei, George (1982) reinstated it to 
species level and this status has since been maintained (CHAH 2012). Cochlospermum heteronemum F.Muell. 

© 2015 Royal Botanic Gardens and Domain Trust 
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was reduced to C. fraseri subsp. heteronemum (F.Muell.) Poppendieck by Poppendieck (1980), and this was 
followed by George (1982) and CHAH (2012). 

Materials and methods 

This study was based on examination of dried and spirit-preserved herbarium specimens at DNA. Herbarium 
abbreviations follow Thiers (2010). Morphological descriptions follow George (1982). The distribution map 
was prepared based on specimen data at DNA. 

Taxonomy 

Cochlospermum arafuricum I.D.Cowie & R.A.Kerrigan sp. nov. 

Diagnosis: Distinguished from all other species of Cochlospermum by the combination of leaf lobes deltate 
to widely deltate, usually V3-V2 of lamina length with aristate apices, coarsely serrate margins and cordate 
base usually with a wide sinus, seeds 5.5-7.5 mm long, 4.5-6 mm wide, outer staminal filaments red and the 
vegetative parts largely glabrous. 

Holotype: Northern Territory: Darwin and Gulf Region: Arafura Swamp, Mirrynatja, 16 June 1999,1.D. Cowie 
8345 (DNA, 2 sheets, plus spirit). 

Cochlospermum sp. Arnhem Land (I.D.Cowie 5916) NT Herbarium, CHAH, Australian Plant Census (2005). 

Cochlospermum sp. Arnhem Land (I.D.Cowie 5916) I.D.Cowie & C.P.Mangion, R.A.Kerrigan & D.J.Dixon, 
Bixaceae, in Flora of the Darwin Region (2011). 

Dry-season deciduous tree to 9 m tall; bark pale grey, almost smooth with shallow furrows. Branchlets terete, 
glabrous. Stipules caducous, 2-3 mm long, subulate, with margin sparsely ciliolate otherwise glabrous. Petiole 
50-125 mm long, usually longer than blade, glabrous, often pink-red. Lamina oblate to widely depressed- 
obovate in outline, (3-)5-7-lobed (often 1 or 2 basal lobes reduced), 50-145 mm long, 60-180 mm wide, 
glabrous apart from a tuft of minute hyaline hairs at the junction of petiole and blade; venation palmate; 
lobes deltate to widely deltate, occasionally deltate-ovate, usually V3-V2 the lamina length, 13-50 mm long, 
length to width ratio 0.9-1.5:1; base shallowly cordate with a sinus 4-25 mm deep, the sinus lobes widely 
separated to occasionally overlapping; margin serrate to coarsely serrate, sparsely ciliolate when young; lobe 
apex usually aristate. Inflorescence terminal, paniculate, to 26 cm long, glabrous to sparsely puberulous; bracts 
caducous, deltate, 1.5-2.5 mm long, acute. Pedicel to 20-25 mm long, puberulous to sparsely puberulous. Sepals 
5, sparsely puberulous, glabrescent or the indumentum sometimes persistent, red-streaked; margin ciliolate, 
apex rounded; outer sepals ovate to widely ovate or widely oblong, 9-16 mm long, 6.5-10 mm wide; inner sepals 
ovate to elliptic, 13-18 mm long, 9-15 mm wide. Petals 5, obovate or obovate-oblong, 33-40 mm long, 21-29 mm 
wide, glabrous, yellow, red-streaked; apex emarginate to obcordate. Stamens 9-16 mm long, glabrous; anthers 
2.5-3.5 mm long, with deltate apical pores; outer stamens c. 20, with filaments red, 0.5-0.7 mm diam.; inner 
stamens c. 50, with filaments 0.2-0.3 mm diam., shorter than outer stamens, apparently yellow. Style 12-14 mm 
long, with apex recurved; ovary globular, glabrous. Capsule apparently pendulous, 5-valved, obovoid, 50-90 mm 
long, 45-60 mm diam., brown, glabrous, emarginate at apex. Seeds reniform, 5.5-7.5 mm long, 4.5-6 mm wide; 
exotesta falling with seed, brown, thin, crustaceous, densely villous with white to pale stramineous hairs to 25 mm 
long, the hairs easily removed; exotegmen woody, smooth, dark brown to black, dull. Fig. 1. 

Distribution: Apparently endemic to the NT where it has been recorded from Arnhem Land, extending from 
near Murgenella in the west to Inglis Island in the east and south to the Annie Creek area near Bulman. The 
species has also been seen (no vouchers) at Wongalara Wildlife Sanctuary to the south of Bulman (K. Brennan 

pers. comm.). Fig. 2. 

The distribution of C. arafuricum is allopatric with C. gillivraei, which adjoins it to the east, while C. gregorii is 
slightly disjunct and occurs largely to the south or west (Fig. 2). Cochlospermum fraseri Planch, occurs to the 
west, but is apparently sympatric with C. arafuricum around Murgenella and Maningrida. While three species 
occur in western Arnhem Land, this area is distinct from the distribution of C. arafuricum. 
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Fig. 1 . Northern Territory species of Cochlospermum. a-c. Cochlospermum fraseri, a, fruit; b, flower; c, leaf; d. C. gillivraei, 

leaf; e. C. gregorii, leaf; f. C. arafuricum, leaf, a, b, from Cowie 10272 (DNA); c, from Leach 3351 (DNA); d, from Russell- 

Smith 2457 (DNA); e, from Thomson 3134 (DNA); f, from Cowie 8028 (DNA). Scale bar: 1 cm. Del. M. Osterkamp. 

Phenology: Flowering: June-September; fruiting: September-December. 

Habitat: Recorded as growing in tall open forest or woodland dominated by Corymbia, Eucalyptus, Grevillea, 
Lophostemon, Xanthostemon or mixed species, typically in foot-slope situations such as adjoining creek flats, 
floodplain margins and on creek banks in hilly country but occasionally also on coastal chenier-derived dunes 
and lower slopes of stony hills; usually on sandy or silty soils. 

Etymology: The epithet arafuricum is a reference to Arafura Swamp in central Arnhem Land, around which 
the distribution of the species is centred, and the Arafura Sea which is immediately to the north. At over 
700 km2 in area with important biodiversity values, Arafura Swamp is one of the largest seasonally inundated 
freshwater swamps in the NT, is listed as a wetland of national significance in the Directory of Important 
Wetlands in Australia and is also of international significance (Brennan et al. 2003; Brennan undated; 
Environment Australia 2001). 
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Affinities: Cochlospermum arafuricum appears to have its closest affinities with C. gillivraei, from which it 
can be differentiated by the shape of the main lamina lobes (debate with a length to width ratio of 0.9-1.5:1 
in C. arafuricum, lanceolate to elliptic, rarely ovate and with a length to width ratio of (1.6-) 2-3.4 (—3.9): 1 in 
C. gillivraei), the conspicuously serrate margins and the wider seeds (4.5-6 mm compared to 3-4.5 mm wide 
in C. gillivraei). The Pilbara endemic species Cochlospermum macnamarae has leaves divided for 3/4—7/8 of 
their length with long narrow leaf-lobes with a length to width ratio of 5.2-8:1, the margins entire or with one 
or two coarse teeth and smaller flowers (Hislop et al. 2013). 

In the division and lobing of the leaves, C. arafuricum is apparently similar to C. religiosum (Poppendieck 
1980). However, that species has obscurely crenate or obscurely serrate leaf margins, cordate leaf bases with 
the lobes laterally imbricate (usually widely separated in C. arafuricum) as well as hairy abaxial leaf surfaces 
and capsule. In addition, C. religiosa has distinctly longer stipules, outer and inner sepals and anthers, yellow 

staminal filaments and can grow to a substantially larger tree. 

Fig. 2. Map of distribution of Cochlospermum taxa in the Northern Territory, Australia. Cochlospermum arafuricum (solid 

circles), C.fraseri subsp.fraseri (open circles), C.fraseri subsp. heteronemum (open triangles); C. gregorii (diamonds) and 

C. gillivraei (crosses). 

Notes: As plants are frequently leafless when bearing flowers or fruit, this material can be difficult to identify. 
However, the red filaments on at least the outer stamens and short, debate floral bracts 1.5-3 mm long help 
to differentiate C. arafuricum from C. fraseri which has yellow staminal filaments and debate to widely ovate 
floral bracts 1.5-8 mm long, with the apex acute to obtuse. In the field, fallen leaves may frequently be found 
beneath the plants and these can be rehydrated to aid identification. 

A number of specimens included within the variable C. fraseri (e.g. N. Byrnes 2337; H. Streimann 8285; 
A.J.M. Hopkins 337) from the north and west Kimberley have more deeply lobed leaves with obtuse or broadly 
acute to abruptly acuminate apices, in some cases reminiscent of C. vitifolium (Willd.) Spreng. from Central 
and South America; these may represent a distinct taxon. Collections of putative hybrids from NT showing 
intermediate characters between C. fraseri and C. gillivraei or C. gregorii (e.g. I.D. Cowie 12721, J. Egan 2511 
and G.M. Wightman 1348) maybe difficult to identify. 

Cochlospermum arafuricum appears to have a high degree of fire tolerance. Established plants are able 
to resprout from underground parts following dry season fires. Seeds appear to be ‘hard’ with a relatively 
thick, woody exotegumen. Seeds from I.D. Cowie 8066, collected in December 1998, germinated following 
scarification almost 15 years later. 
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Conservation status: Cochlospermum arafuricum is currently listed (as C. sp. Arnhem Land (I.D.Cowie 5916) 
under the Territory Parks and Wildlife Conservation Act 2000 as ‘Data Deficient’ using International Union 
for the Conservation of Nature (IUCN) categories (IUCN 2012). However, it is now clear that it is relatively 
common although not abundant in woodland and open forest vegetation over an extensive area of central to 
eastern Arnhem Land, with no immediate threats. In the long term, invasion of savanna vegetation by gamba 

grass (Andropogon gayanus Kunth) and consequent changes in fire and soil nutrient regimes may be a threat. 
This grass is currently rare or absent in the range of C. arafuricum. Both in cultivation and in situ, living 
Cochlospermum plants including this species appear to be more susceptible to attack by the termite Mastotermes 
darwiniensis Froggatt than are many other native species (G. Wightmann pers. comm.; I. Cowie unpuhl.). This 
apparent predation may serve to limit abundance and distribution. Following IUCN guidelines and criteria it 
has been assessed as‘Least Concern (IUCN 2012; IUCN Standards and Petitions Subcommittee 2014). 

Other specimens examined: AUSTRALIA: Northern Territory: Darwin and Gulf District: Murgenella, 
road to Sand Dunes, C. Brock 215, 6 Nov 2000 (DNA); Mitchell Ranges area, near Central Arnhem Road, 
C. Brock s.n., 15 May 2013 (DNA); Arnhem Land, Maningrida, I.D. Cowie 5916, 22 Aug 1995 (DNA); Inglis 
Island; Nth side, I.D. Cowie 6837, 30 Apr 1996 (DNA); Arafura swamp, near Ramingining, Garanydjirr area, 

I.D. Cowie 7956 8c C.P. Mangion, 18 Sept 1998 (DNA); Near Ramingining, Gulmirrin area, I.D. Cowie 8028 
8c R.K. Harwood, 4 Dec 1998 (DNA); Near Arafura Swamp, approx. 5 km west of Merwangi H.S., I.D. Cowie 

8066 8c R.K. Harwood, 6 Dec 1998 (DNA); Central Arnhem Land, Annie Creek area, I.D. Cowie 8448 8c 
C.R. Dunlop, 20 Sept 1999 (DNA); Mirrynatja, Arnhem Land, N. Scarlett 299, 20 Aug 1986 (DNA); Arnhem 
Land, Maningrida, G.M. Wightman 4922,15 Mar 1990 (DNA). 

Key to Cochlospermum in Australia 

1. Apex of major leaf lobes rounded, rarely obtusely angled or emarginate, the blades mostly less than lA 
divided; outer staminal filaments yellow.2 

1. Apex of major leaf lobes acute to aristate, the blades lA or more divided; at least the outer staminal filaments 
red.3 

2. Leaf blades and young branchlets glabrous; floral bracts 1.5-3.5 mm long.C.fraseri subsp. fraseri 

2. Leaf blades pubescent at least on margins; young branchlets pubescent; floral bracts 4.5-8 mm long. 
.C.fraseri subsp. heteronemum 

3. Leaf blades divided to base or lobes connate at base for less than 5 mm.C. gregorii 

3. Leaf blades divided for Zs-Zs of their length, lobes connate at base for more than 5 mm.4 

4 Leaf blades divided for V3-V2 of their length; lobes debate, length to width ratio 0.9-1.5:1. 
.C. arafuricum 

4. Leaf blades typically divided for % of their length or more; lobes narrowly ovate to linear or oblanceolate, 
length to width ratio 1.6-8:1.5 

5. Leaf lobes 14 mm or more in width, narrowly ovate to lanceolate or oblanceolate, length to width ratio 
(1.6-) 2-3.4 (-3.9): 1 (NT, Queensland).C. gillivraei 

5. Leaf lobes 10 mm or less in width, linear, very narrowly ovate or very narrowly elliptic, length to width 
ratio 5.2-8:1 (Pilbara, Western Australia).C. macnamarae 
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Abstract 

Seven new combinations in Phanera Lour, are made for species that were either described in Lasiobema 
(Korth.) Miq. or later transferred to Lasiobema from Bauhinia L. 

Introduction 

In five recent publications (Wunderlin 2011, Bandyopadhyay et al. 2012, Bandyopadhyay 2013, Mackinder and 
Clark 2014, Krishnaraj 2014), a total of 73 new combinations have been made in Phanera Lour, occurring in the 
Palaeotropical region because Bauhinia subgenus Phanera (Lour.) Kurz (Wunderlin et al. 1987, Bandyopadhyay 
1999) is now recognized as a distinct genus based on recent advances in molecular phylogeny (Lewis and 
Forest 2005, Bruneau et al. 2008, Sinou et al. 2009). 

Lewis and Forest (2005) treated Lasiobema (Korth.) Miq. as a distinct genus but stated that an unpublished 
molecular analysis suggests that Lasiobema could perhaps be better treated as an infrageneric taxon of Phanera. 
Wunderlin (2010) treated Lasiobema as a synonym of Phanera on the basis of available molecular data and his 
personal knowledge of these taxonomic groups. Sinou and Bruneau (2013) presented phylogenetic analyses 
for Bauhinia s.l. and other genera in Cercideae based on sequence data from two plastid (trnL-F, matK-trnK) 
and two nuclear (Leafy, LegCyc) regions. This multi-locus dataset suggests that Lasiobema (Korth.) Miq. should 
be recognised as a section of Phanera. 

Thus we make here seven new combinations in Phanera for those species which were either described in 
Lasiobema or later transferred to Lasiobema from Bauhinia. 

1. Phanera comosa (Craib) Bandyop. & Ghoshal, comb. nov. 
Bauhinia comosa Craib, Bulletin of Miscellaneous Information, Royal Gardens, Kew 1913: 352.1913. 
Lasiobema comosa (Craib) A.Schmitz, Bulletin de la Societe Royale de Botanique de Belgique 110: 14.1977. 
Type: A. Henry 13358 (K000760720, image!). 
Distribution: China. 

2. Phanera curtisii (Prain) Bandyop. & Ghoshal, comb. nov. 
Bauhinia curtisii Prain, Journal of the Asiatic Society of Bengal, Part 2, Natural History 66:195.1897. 
Lasiobema curtisii (Prain) de Wit, Reinwardtia 3: 424.1956. 
Lectotype (designated by de Wit 1956:425): C. Curtis 1682 (K000760957 image!). See note on typification below. 

Distribution: Thailand, Laos, Cambodia, Vietnam and Malesia. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Note: The author attribution of B. curtisii is ‘Prain’ and not cPrain ex King’ because Prain is the author of the 
family Leguminosae (see King 1897:1,21). 

There is only one collection of C. Curtis 1682 at K (K000760957). In our opinion, although not annotated by 

de Wit, this sheet is likely to be the lectotype designated by de Wit (1956: 425). Larsen and Larsen (1996: 499) 
cited ‘Curtis 1682 (K holo), Langkawi I.’but this cannot be a holotype because Prain cited two collections in the 
protologue, viz. Curtis 1682 and Curtis 2619. 

3. Phanera flava (de Wit) Bandyop. 8c Ghoshal, comb. nov. 
Lasiobemaflavum de Wit, Reinwardtia 3: 425.1956. 
Bauhinia flava (de Wit) G.Cusset,Adansonia 6: 278.1966. 
Holotype: M.R. Henderson, Singapore Field No. 29146 (K000760956 image!), iso (K000760955 image!). 

Distribution: Malesia. 

Note: De Wit annotated the sheets K000760956 and K000760955 as holotype and isotype, respectively, in May 1951. 

4. Phanera harmsiana (Hosseus) Bandyop. 8c Ghoshal, comb. nov. 
Bauhinia harmsiana Hosseus, Repertorium Specierum Novarum Regni Vegetabilis 4: 290.1907. 
Lasiobema harmsianum (Hosseus) de Wit, Reinwardtia 3:423.1956. 
Neotype (designated here): Banks of Meh Ping, rapids up to Chiengmai, about 450-1000 ft, 11 Dec. 1908, Kerr 
507 (K000623233 image!), isoneo (TCD 0016440, n.v.). 

Distribution: Thailand and Cambodia. 

Note: Hosseus (1907) in the protologue stated cTypus in herb. Hoss.’. Larsen and Larsen (1980: 180) cited 
cHosseus 172 A, Thailande (lecto-, K)’but Dr. Ruth Clark confirmed that this specimen is not available at K. Dr. 
Hans-Joachim (Hajo) Esser informed us that they had “a list of specimens that were included in the Hosseus 
collection given to us in the year 1912, and this included Bauhinia harmsiana (172a)”. However, this specimen 
cannot now be located at M. 

There is a sheet at K, Kerr 507 (K000623233) with the annotation ‘Compared with Type in Hb. Berol. 7.10.09’ 
by H.H.W.P. [Henry Harold Welch Pearson]. This indicates that there was a type of B. harmsiana at B in 1909 
but Dr. Robert Vogt informed us that the type specimen is no longer extant at B; probably lost in World War 
2. Referring to Stafleu and Cowan (1979), it was found that herbarium and types of Hosseus from Thailand 
can also be at BAF, BM, C, CORD, E, G, L, MO and P but communications with those herbaria with respect to 
Hosseus 172a, revealed that the type is not available. We have therefore neotypified the name. 

5. Phanera harmsiana (Hosseus) Bandyop. 8c Ghoshal var. media (Craib) Bandyop. 8c Ghoshal, comb. nov. 
Bauhinia media Craib, Bulletin of Miscellaneous Information, Royal Gardens, Kew 1927: 389.1927. 
Bauhinia harmsiana Hosseus var. media (Craib) K.Larsen 8c S.S.Larsen, Natural History Bulletin of the Siam 
Society 25:11.1973. 
Lasiobema harmsianum (Hosseus) de Wit var. media (Craib) A.Schmitz, Bulletin de la Societe Royale de 
Botanique de Belgique 110: 13.1977. 
Lectotype (designated by Larsen and Larsen 1984: 33): Noe 103 (ABD, image!), isolecto (K000760819 image!). 

Distribution: Thailand. 

6. Phanera strychnoidea (Prain) Bandyop. 8c Ghoshal, comb. nov. 
Bauhinia strychnoidea Prain, Journal of the Asiatic Society of Bengal, Part 2, Natural History 66:195.1897. 
Lasiobema strychnoideum (Prain) de Wit, Reinwardtia 3:429.1956. 
Lectotype (first-step, designated by de Wit 1956:429): Kunstler 5914 (K000760953 image!, K000760954 image!); 
(second-step, designated here): (K000760953 image!). See note on typification below. 

Distribution: Malesia. 

Note: As in B. curtisii, the author of B. strychnoidea is ‘Prain’ not ‘Prain ex King’. 

A lectotype at K was designated by de Wit (1956:429). However, there are two sheets available at K (K000760953, 
K000760954) but neither of them is annotated by de Wit. So we consider de Wit’s citation of a lectotype as a 
first-step lectotypification and we here choose one of these sheets as a second-step lectotype of the name 
following Art. 9.17 (McNeill et al. 2012). Note that de Wit (1956) inadvertently gave the collector’s number as 
‘5194’ instead of‘5914’. 
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7. Phanera tubicalyx (Craib) Bandyop. & Ghoshal, comb. nov. 
Bauhinia tubicalyx Craib, Bulletin of Miscellaneous Information, Royal Gardens, Kew 1928: 64.1928. 
Lasiobema tubicalyx (Craib) de Wit, Reinwardtia 3: 430.1956. 
Lectotype (designated by de Wit 1956: 430): Kerr 12407, (K000760951 image!); isolecto (ABD image!, 
BM000958860 image!). See note on typification below. 

Distribution: Thailand and Malesia. 

Note: De Wit (1956: 430) cited Kerr 12407 at K as ‘holotype’. He annotated a sheet at Kew (K000760951) as 
‘Lasiobema tubicalyx (CRAIB) DE WIT, comb, nov.’ in May 1951 but did not mark it as holotype. As there is 
only a single sheet of Kerr 12407 (K000760951) at K, we assume this is the specimen that de Wit (1956) cited 
as the holotype. The line drawing of L. tubicalyx provided by de Wit (1956, fig. 9) is based on K000760951. 
Craib (1928) described the leaves as ‘5-11 cm. longa, 2.5-5 cm. lata’ but if we look at one of the mature leaves 
of K000760951, situated just below the three leaves on the left hand top corner, we find that it is 4.5 cm long 
and 2 cm broad. Further, the maximum length of the leaves in K000760951 is c. 9.4 cm. Therefore K000760951 
cannot be the holotype, although it is definitely original material under Art.9.3 (McNeill et al. 2012). So, we 
correct de Wit’s (1956) citation of holotype to lectotype following Art. 9.9 (McNeill et al. 2012). 
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Abstract 

Nuttallanthus texanus (Scheele) D.A.Sutton (Plantaginaceae) has been identified as occurring in southern 
Queensland and eastern New South Wales, Australia. This species had not previously been distinguished from 
Nuttallanthus canadensis (L.) D.A.Sutton. Both species are naturalised and spread by seed. The two species can 
be distinguished by floral and seed morphological differences. 

Introduction 

The genus Nuttallanthus D.A.Sutton (Plantaginaceae - until recently the genus was assigned to Scrophulariaceae) 
consists of herbaceous annuals and perennials that are native to North and South America (Sutton 1988). Prior 
to 2014, it was assumed that only N. canadensis (L.) D.A.Sutton had become naturalised in Queensland and 
New South Wales (Anonymous 2011, Barker 1992, as Linaria canadensis (L.) Dum.-Cours. var. canadensis, 
2014, Conn and Murray 2015). 

Examination of recent plant collections by James Fleming, from near Boggabri (North Western Plains 

subdivision, New South Wales) revealed that N. texanus (Scheele) D.A.Sutton had also become naturalised in 
Australia. Both species of Nuttallanthus were previously included in the genus Linaria Mill., with N. canadensis 
originally described as a species of Antirrhinum L. Nuttallanthus canadensis is native throughout much of 
temperate North America and is recorded as naturalised in Europe and South America (Sutton 1988), whereas 
N. texanus is native to southern North America, Mexico, and possibly native to temperate South America 
(Sutton 1988). It is also recorded as naturalised in other temperate regions. 

Morphological differences between Nuttallanthus canadensis and N. texanus 

These species are superficially morphologically similar, and hence, easily confused. They share similar habit, 
flower colour and the inflorescences and infructescences are approximately the same length. However, they 
are readily distinguished by differences in flower size, hairiness of the inflorescence axes and by the surface 
features of the seed. Since there have only been relatively few collections of both species from Australia, the 
circumscriptions based on the available Australian material has been supplemented by those provided by 
Sutton (1988) and Diggs et al. (1999). 

Nuttallanthus canadensis has glandular trichomes on the inflorescence axes and pedicels (whereas the 
inflorescences of N. texanus are usually glabrous); smaller corollas 8-13 mm long (compared to N. texanus 

© 2015 Royal Botanic Gardens and Domain Trust 
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with corolla 14-22 mm long) (Diggs et al. 1999); however, the one specimen from New South Wales of 
N. canadensis appears to only be c. 6-10 mm long; spur c. 5 mm long (N. texanus with spur 6-11 mm long); 
seeds with low entire longitudinal ridges (c. 0.04 mm wide) and intervening faces almost smooth or with 
sparse low tubercles up to 0.01 mm long (N. texanus with seed surface covered completely with tuberculate 
protuberances 0.01-0.02 mm long). 

The seed coat of these two species is linarioid (sensu Elisens 1985), with testal sculpturing consisting of 
differentially elongated epidermal cells that are radially arranged. The seed coat of N. canadensis has epidermal 
cells that are almost square, slightly irregular and angular, c. 0.02 mm long and wide (Fig. 1), whereas the 
epidermal cells of N. texanus are distinctly elongated, slightly angular, 0.02-0.03 mm long, c. 0.01 mm wide 
(Fig.2). Each longitudinal wing/ridge of a seed of N. canadensis (Fig. 1) is mostly formed by the length of one 
epidermal cell (each cell 0.03-0.04 mm long, c. 0.01 mm wide). 

Unfortunately, very few collections of these two introduced species have been made in Australia. However, 
the seeds of the Australian plants are perhaps slightly smaller than those in their native habitat. Nuttallanthus 
canadensis - seeds 0.25-0.3 mm long (Australian material), average 0.5 mm long in North America (Elisens 
and Tomb 1983); N. texanus - seeds 0.25-0.3 mm long (Australian material), average 0.44 mm long in North 
America (Elisens and Tomb 1983). 

Note: Specimens examined are listed according the botanical districts of Queensland (Anonymous 1975) and 
botanical divisions of New South Wales (Anderson 1961). 

Key to species of Nuttallanthus in Australia 

1 Corolla 8-13 mm long, including 5 mm long spur, lower lip 2-6 mm long; seeds with low, entire longitudinal 

wings/ridges, the intervening faces more or less smooth or with sparse, short tubercles (tubercles up to 
0.01 mm long); inflorescence with glandular hairs.N. canadensis 

1: Corolla 14-22 mm long, including 6-11 mm long spur, with lower lip 6-11 mm long; seeds densely 

tuberculate (tubercles 0.01-0.02 mm long), without longitudinal wings/ridges or, if present, then small, 
obtuse or rounded; inflorescence glabrous . N. texanus 

Descriptions 

Nuttallanthus canadensis (L.) D.A.Sutton Fig. 1. 

Revision of the Tribe Antirrhineae 460 (1988) 

Synonym: Linaria canadensis (L.) Dum.Cours. Le Botaniste Cultivateur,... 2: 96 (1802) 

Basionym: Antirrhinum canadense L. Species Plantarum 2: 618 (1753) 

Slender glabrous biennial or winter annual to 75 cm tall, with a rosette of prostrate stems (over-wintering 
branches) to 10 cm long; stems and leaves glabrous. Leaves alternate, often opposite or whorled on over¬ 
wintering branches, linear, to 30 mm long, 1-2 mm wide. Inflorescence many-flowered, congested at anthesis, 
elongating in fruit, with glandular hairs; bracts 1.5-3 mm long; pedicels ascending, 2-4 mm long in fruit, 

glandular hairy; bracts and pedicels with glandular hairs. Sepals 2-3 mm long. Corolla 8-13 mm long, blue 
to violet blue with a 2-ridged white or pale palate; spur 5 mm long; upper lip recurved, shorter than the 
recurved lower lip. Capsule compressed-globose, 2.5-3 mm long, emarginate; seeds brown, 0.35-0.5 mm long, 
0.25-0.3 mm wide, surface usually smooth between thin, entire longitudinal wings/ridges (ridges 0.03-0.04 
mm wide), sometimes with a few tubercles up to 0.01 mm long. 

Distribution in Australia: naturalised in Queensland and New South Wales. One unsubstantiated record from 
South Australia (Anonymous 2011). 

Selected specimens examined: Australia: Queensland: Moreton: Samford, 10 Oct 1960, H.S. McKee 7416 
(NSW823164). New South Wales: North Coast: Tanilba Station No. 5, Zone 2,25 Sep 2001, D.L. McNair 8895 
(NSW713001). 
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Fig. 1. Nuttallanthus canadensis, a. seeds; b. detail of surface features of angular seed, showing longitudinal wings and 

papillae. (NSW713001). Scale bar = 0.4 mm 

Nuttallanthus texanus (Scheele) D.A.Sutton Fig. 2. 

Revision of the Tribe Antirrhineae 460 (1988); Linaria canadensis (L.) Dum. Cours. var. texana (Scheele) Pennell 
Proceedings of the Academy of Natural Sciences of Philadelphia 73: 502 (1922). 

Basionym: Linaria texana Scheele, Linnaea 21(6): 761 & 762 (1849). 

Slender glabrous biennial herb, 17-70 cm high, with fertile stems (l-)3-30, erect, mostly unbranched; vegetative 
stems many, prostrate or procumbent. Leaves alternate distally (on fertile stems), often 3- or 4-whorled basally 
(especially on vegetative stems), linear to oblong-elliptic, 7-34 mm long, 1-2.7 mm wide. Inflorescence many- 
flowered, congested at anthesis, internodes elongating in fruit; bracts 2-3 mm long; pedicels ascending, 2-6(-9) mm 
long, Sepals 2.5-3.5 mm long, 1-4 mm wide. Corolla 14-22 mm long, pale lilac or violet with white palate; spur 
6-11 mm long, 0.4-0.6 mm wide at base; lower lip 6-11 mm long; upper lip 3-5 mm long. Capsule obloid- 
ovoid, 2.5-4.5 mm long, glabrous; seeds blackish grey, 0.3-0.5 mm long, surface densely tuberculate (apiculate 
sensu Elisens 1985) (tubercles 0.01-0.02 mm long), longitudinal ridges lacking or small, obtuse or rounded. 

Distribution in Australia: Queensland and New South Wales 

Selected specimens examined: Australia: New South Wales: Central Coast: Lansdown Farm, University of 
Sydney, Camden, 07 Oct 2005, F. Deverall s.n. (AD, BRI, CANB, MEL, NSW729732); Central Western Slopes: 
End of Bradley Lane, Amiens, A.R. Bean 20975, 18 Oct 2003 (BRI, MEL); Alongside Boyden Bridge over 
Castlereagh River, 10.6 km west south west of Mendooran,/.R.. Hosking 3433 & G.R. Sainty, 17 Oct 2010 (AD, 
CANB, MEL, NE, NSW); North Western Plains: Boggabri, 2 Oct 2014,/. Fleming s.n. (NSW85899),20 Oct 2014, 
/. Fleming s.n. (NSW880168). 

Fig. 2. Nuttallanthus texanus. Angular seeds, showing 

densely tuberculate surface, completely covering all sides. 

(NSW729732). Scale bar = 0.3 mm 
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Notes: Similar to N. canadensis, this species appears to be spread by seed and may prove to be an aggressive 
coloniser (refer discussion below). This species is naturalised at a number of locations in southern Queensland 
where it was at one time referred to as N. canadensis. Nuttallanthus texanus also appears to have naturalised in 
Argentina, Brazil, Chile and Uruguay where it is currently treated as Linaria canadensis (Souza 2008). 

Potential weediness of Nuttallanthus in Australia 

In Australia and elsewhere, both species are spread by seed (Johnson et al. in preparation). Nuttallanthus 
canadensis has been recognised as a weedy species and possible control measures have been considered (e.g. 
Anonymous 1985, DeFelice 2011, Wiersema and Leon 2013). The biological control of N. canadensis and 
N. texanus has been investigated (Cock et al. 2006). The weediness of both of these species of Nuttallanthus 
has not been evaluated for Australia. However, the reproductive strategies of both species are self-fertilization 
via cleistogamy and self-pollination in chasmogamous flowers (Crawford and Elisens 2006). Many hundreds 
of plants of N. texanus have been recorded in some Australian localities (e.g. Hosking 3433). The Deverall 
collection (NSW729732) of N. texanus records the species as a crop contaminant in an experimental field 
sown for wheat. 
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Abstract 

In the floristic expedition in Achankovil Shear Zone part of Southern Western Ghats, a variant of Ariopsis 
peltata was collected which differs from the typical species mainly by the miniature leaf size, domed male zone, 
and by two rings of punctured cavities in synandria. This specimen is described and illustrated here as Ariopsis 
peltata var. brevifolia. 

Introduction 

Achankovil Shear Zone (AKSZ) is the continuum of Mozambic belt (Pan African orogeny) of the Gondwana 

mass (Dissanayake and Chandrajith 1999). It extends in an area of 8 to 22 km width, which passes through 
the Achankovil forests of Southern Western Ghats. AKSZ is the repository of many morpho-ecotypes and 
endemics (Mathew and George 2013). Reasons for occurrence of morphological variants in Achankovil area 
have been reported due to multiple physical, climatological and geological changes that might have occurred 
during the evolution of the flora (Mathew 2015). During the botanical explorations in the Achankovil forests 
(Fig. 1) during 2009-2014 has yielded some interesting specimens of genus Ariopsis. 

Ariopsis peltata Nimmo is an Asiatic floral element with a distribution area extending from Southern Western 
Ghats to Western Malesia (Sasidharan 2013). Analysis of morphological variation in Ariopsis peltata across the 
AKSZ revealed an unusual variant in the Kottavasal Hills of Achankovil is readily distinguishable. This variant 
taxon differs from the Typical Ariopsis peltata in having miniature leaf and petiole (1-1.5 cm), a dome shaped 
male zone, a synandrium with two rings of cavities (vs up to six cavities, and pistils three stigma lobes. On 
critical inspection, we feel that our plant is sufficiently distinctive to warrant taxonomic recognition. Here we 
propose it as a new variety which is described and illustrated here as Ariopsis peltata var. brevifolia. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Taxonomy 

Ariopsis peltata var. brevifolia J.Mathew & K.V.George, var. nov. (Fig. 2) 

Type: INDIA: Kerala: Kollam District, Kottavasal, ± 1250 m, 26 Jun 2013, Jose Mathew 3074 (flowering) 
(holo: MH; iso: TBGT, SESH). 

Lithophytic herbs growing in cracks of crystalline charnockite; slender to 2 cm tall; tuber subglobose, ca 0.5 cm 
diam., covered with fibrous cataphyllary remains. Petiole very slender, 1-1.5 cm in length; lamina peltate, 
cordate-ovate, 1-1.5 cm long, 1-1.5 cm wide, membranaceous, pale green above, glaucous below; primary 
lateral veins pinnate radiating from petiole insertion, forming submarginal collective vein; higher order 
venation reticulate. Inflorescence 1 or 2 in each floral sympodium. Peduncle very slender, 1-2 cm long, much 

longer than spathe, erect to spreading. Spathe ovate, boat-shaped, 0.7-1 cm long, 0.8 cm wide, dull yellow to 
pink. Spadix shorter than spathe, c. 0.5 cm long, 0.2 cm wide; flowers unisexual - female zone 4-6-flowered, 
secund, and dorsally adnate to spathe, c. 4 mm long; pistils ovoid-oblong, c. 3 mm long, 2 mm wide, pale green 
speckled purple, stylar region very short, stigma stellate with 3 lobes, lobes initially erect, later spreading and 
reflexed, white; male flower zone fertile to apex, hemispherical-dome, c. 4 mm long, 4 mm wide, dirty pink 
speckled; synandria peltate, connate filaments forming a stipe longer and narrower than dilated common 
connective, synandria all connate apically, forming continuous surface punctured by 2 rings of cavities with 
somewhat prominent margin into which pollen is shed from the 3(or 4) surrounding thecae of which each 

pair of thecae belongs to a different synandrium. Fruit a 3-angled berry, c. 4 mm long, 4 mm wide, pale green, 
stigma persistent, many-seeded, seed oblong. 
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Fig. 1. Distribution map of Ariopsis peltata var. brevifolia in southern Western Gnats, India. Red line indicates the centre 

of Achankovil Shear Zone; black areas indicate known distribution of A. peltata var. brevifolia. 
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Fig. 2. Ariopsis peltata var. brevifolia a, b, whole plant in flower; c, mature plant showing its size; d, female zone showing 

3 stigmatic lobes in each flower; e, fruit (3 facets); f, habitat. 

Phenology: Flowering and fruiting recorded from May to July. 

Other specimen examined: INDIA: Kerala: Thuvalmala, Achankovil,/. Mathew 2997, 3042-3046, 29 Jul 2011 
(KFRI); Sabarimala, Pathinamthitta,/. Agustine & K.P. Rajesh 14926, 10 Oct 1996 (KFRI). 

Distribution: Found in crevices of rocky cliffs (alt. ± 1250 m) of the Kottavasal Hills (9°4'16"N, 77°11'08"E), 
Agasthyamalai Biosphere Reserve, Western Ghats, Kerala, India in association with Didymocarpus tomentosa 
Wight and Drosera peltata Thunb. 
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Etymology: The epithet (cbrevifolia) is based on the small leaves of this recently described variety of Ariopsis peltata. 

Conservation status: The conservation status of this variety is data deficient. However the distribution is 
limited with only a few plants observed at the few known locations (each with c. 30-100 plants). Further survey 
for this variety is suggested, which would need to be conducted in May or June when Monsoon starts and 
plants are flowering in order to differentiate it from the typical A. peltata. 

Notes: Ariopsis peltata var. brevifolia is morphologically similar to A. peltata var. peltata in both vegetative 
and floral morphology, but differs mainly in having smaller leaves, plant and inflorescence, hemispherical 
domed male zone with reduced synandria and opening pore numbers. There are 3 stigmatic lobes instead of 6 
suggesting the 3-carpellate nature of the gynoecium. 

Table 1. Prominent morphological differences distinguishing Ariopsis peltata var. brevifolia from A. peltata var. 
peltata 

Character A. peltata var. brevifolia A. peltata var. peltata 

Plant size mature plant size 1-2 cm mature plant size 5-30 cm 

Leaf size 1-1,5cm long, 1-1.5 cm wide 5-15 cm long, 5-9 cm wide 

Stigmatic lobes 3 6, cultivated variety rarely shows 3 lobes 

Male zone 
hemispherical domed, punctured cavities 
3 in 2 rings 

conical, cavities 
more than 6 in 6-9 
randomly arranged whorls 
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Abstract 

Phanera jampuiensis Darlong & D.Bhattach. (Leguminosae: Caesalpinioideae: Cercideae) is here treated as a 
new synonym of Phanera glabrifolia Benth. var. glabrifolia. A collection from Tripura State, India, is the first 
collection of this variety from the wild after more than 160 years after P. glabrifolia was described in Hortus 
Botanicus Calcuttensis. 

Introduction 

Attempts to identify an image of a flowering specimen of Phanera growing in the Jampui Hills of north eastern 
India (requested by Dr. Debjyoti Bhattacharyya, pers. comm., 2013) were unsuccessful. Later Darlong and 
Bhattacharyya (2014) described the collections to be the new species P. jampuiensis Darlong & D.Bhattach. 
from the ranges of Jampui Hills, North Tripura district, Tripura State, India. However, after examining the 
holotype of P. jampuiensis, the similarity of this species with the type specimens of P. glabrifolia Benth. var. 
glabrifolia (held at CAL) became apparent. The holotype of P jampuiensis is morphologically only slightly 
different from the type specimens of P. glabrifolia var.glabrifolia, namely, there are slight differences in the shape 
of the leaves, length of the hypanthium, and in the number of staminodes /reduced stamens. These differences 
are here regarded as not taxonomically significant. The pollen grains of P. glabrifolia var. glabrifolia (from the 
type specimen - CALI 1293), are of the Integrifolia type (sensu Larsen 1975) and is more or less similar to the 
photomicrograph of the pollen of P. jampuiensis given in the protologue (Darlong and Bhattacharyya 2014). 
Therefore, P. jampuiensis is best treated as a synonym of P. glabrifolia, as follows: 

Phanera glabrifolia Benth. in Miq., Plantae Junghuhnianae 2: 263 (1852). 

Type: (lectotype designated by Larsen and Larsen 1980): Cultivated at Hort. Bot. Calc, (labelled as ‘Bauhinia 
piperifolia Roxb.’), (lecto K760677 image!, isolecto CALI 1293!, CALI 1294!, CALI 1295!, CALI 1308!, isolecto 
P3100839-3100841, images!). 

Bauhinia glabrifolia (Benth.) Baker in Hook.fi, Flora of British India 2(5): 281 (1878), excl. Tenasserim 
collections. 

Phanera jampuiensis Darlong & D.Bhattach., Kew Bulletin 69: 9534 (2014), syn. nov. 

Type: India, Tripura, North district, Jampui hill range, Tlangsang, 23°53'26" N, 92°16'26" E, c. 770 m, 16 Apr 2013, 
L. Darlong 10397 (holo CAL25210!; iso ASSAM n.v.). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Paratype: Jampui hill, Sabual, 23°51'24" N, 92°15'74" E, c. 840 m, 2 Apr 2013, L. Darlong 10392 (ASSAM n.v., 

CAL n.v.). The isotype (ASSAM) and paratypes (ASSAM, CAL) have not yet been deposited by the authors. 

Note: Larsen and Larsen (1980,p. 37) mentioned‘In 1852 Bentham described Phanera glabrifolia on a specimen 

sent out from the Botanical Garden in Calcutta under the name Bauhinia piperifolia Roxb. He correctly in 
the protologue draws attention to that the specimens in question does not match Roxburgh’s description of 
Bauhinia piperifolia in Flora Indica, but does not suggest which species Roxburgh’s description fit’. Larsen and 
Larsen (1980) concluded that B. piperfolia is undoubtedly a synonym of Bauhinia scandens L. [= Phanera 
scandens (L.) Raf.]. Larsen and Larsen (1980) also stated that the P. glabrifolia var. glabrifolia is known only 
from the type specimens sent out from Botanic Garden Calcutta and deposited at C, G, K, M and P; in each 
place several herbarium sheets are present. 
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Fig 1. Photomicrographs of pollen grains of Phanera glabrifolia Benth. var. glabrifolia (from the type specimen - CALI 1293). 
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Fig 2. Photographs of the type of Phanera 
glabrifolia var. glabrifolia (K, top left specimen) 
[http://specimens.kew.org/herbarium/K000214241 ], 

and CAL, top right specimen) and type of Phanera 
jampuiensis (CAL, bottom left specimen). 
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Abstract 

Arthromeris elegans Ching (Polypodiaceae), a Sino-Himalayan species, is reported for the first time from India 
and Bhutan. A lectotype is designated for A. himalayensis. 

Introduction 

The fern genus Arthromeris (T.Moore) J.Sm. (Polypodiaceae) is represented by about 20 species, distributed 
in tropical and subtropical Asia (Zhang et al. 2013). Nine species of Arthromeris are already reported as 
occurring in India (see Fraser-Jenkins 2008, 2012), namely, A. cyrtomioides S.G.Lu Sc C.D.Xu (synonym: 
A. notholaenoides V.K.Rawat & Fraser-Jenk.), A. himalayensis (Hook.) Ching (synonym: A. himalayensis 
(Hook.) Ching var. niphoboloides (C.B.Clarke) S.G.Lu), A. lehmannii (Mett.) Ching (synonyms: A. venusta 
(J.Sm.)J.Sm. and A. lungtauensis Ching), A. mairei (Brause) Ching, A. tatsienensis (Franch. Sc Bureau ex Christ) 
Ching, A. tenuicauda (Hook.) Ching, A. tomentosa W.M.Chu, A. wallichiana (Spreng.) Ching and A. wardii 
(C.B.Clarke) Ching. 

Arthromeris elegans Ching is known to occur naturally in N. Myanmar and S.W. China (Zhang et al. 2013). 
During a revisionary study of ferns of Eastern India, specimens examined at the Central National Herbarium, 
Howrah, India (CAL), and personally collected from Darjeeling, India (Figs 1,2), supported the conclusion that 
A. elegans also occurs in India and Bhutan. This distinct species (see key below), is often misidentified in herbaria 
as A. himalayensis or as A. lehmannii, but is correctly maintained by Zhang et al. (2013). Arthromeris elegans has 
more than 4 pairs of narrower lanceolate pinnae (Fig. 1), and sori in up to 2 (rarely 3) rows close to the costa 
(Fig. 2). In contrast to this, A. himalayensis has up to 4 pairs of wider ovate-lanceolate pinnae, and sori in 3 or 
more rows extending to the margin. Type specimens (syntypes) of A. himalayensis from Bhutan (held at B and 
K) are A. elegans. Lectotypification of A. himalayensis is designated below to clarify the application of this name. 

Arthromeris lehmannii has pinna with caudate-acuminate apices, small scattered sori, and narrow or indistinct 
cartilaginous margin, whereas, A. elegans has pinnae with prominent cartilaginous margins, long caudate 
apices and large sori near the costa (Fig. 2). 

One collection from Darjeeling (Mazumdar 178) has lamina that are hairy on the abaxial surface and rhizome 
scales that have a ciliate margin, thus resembling A. elegans Ching f. pianmaensis S.G.Lu (Lu 1998). However, the 
present author has not yet examined sufficient specimens necessary to comment on the distinctness of this forma. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Arthromeris elegans is morphologically close to A. himalayensis in having a similar caudate pinna apex and 
cartilaginous margin. The species is a Sino-Himalayan element that has reached Eastern India, Bhutan and 
N. Myanmar from S.W. China. 

Taxonomic treatment 

Arthromeris elegans Ching, Sunyatsenia 6: 8 (1941). 

Type: China, Yunnan, Mekong-Salwin Divide, Londjrela, 3600 m, upon trunk of trees, 29 September 1938, 
T.T.Yu 23165 (Holotype: PE1048921, Isotype: PE1048919 - images!). 

Description: Epiphytic on trees, Rhizome 4-5 mm wide, covered by dense scales; scales with darker centre and 
paler margin, ovate-lanceolate, wide at base; margin ciliate; apex acuminate. Fronds monomorphic, pinnate; 
stipe stramineous, glabrous, 11-18 cm long, 2 mm wide; lamina herbaceous, imparipinnate, 25-30 cm long, 
18-21 cm wide, glabrous adaxially, sparsely hairy abaxially; lateral pinnae in 5-7 pairs (Fig. 1), opposite, sessile, 
lanceolate or narrowly elliptical, 10-14 x 2-2.5 cm, base rounded or cordate, cartilaginous margin prominent, 
apex long caudate. Sori orbicular, often confluent, up to 3 rows on each side of the costa, close to costa, in up 
to 2 rows between costules (Fig. 2). 

Distribution: India (Arunachal Pradesh, West Bengal), Bhutan, China, Myanmar. 

Specimens examined: INDIA. Arunachal Pradesh: Subansiri District, Anonymous 60864 (CAL); Arunachal 
Pradesh: Kameng F.D. (N.E.F.A.), Chalko, 1 Apr 1957,8200 ft, G. Panigrahi 6321 (CAL); West Bengal: Darjeeling, 

Neora Valley, 3000 m, 2 Oct 1997,/. Mazumdar 178 (CAL, to be distributed, Fig. 1,2). BHUTAN. W. Griffith s.n. 
(B200157576), Booth s.n. (K1044106, frond at right); Lisipong, 27 Oct 1965, N.P. Balakrishnan 44412 (CAL); 
Mar 1858, Anonymous s.n. (CAL22241). 

Note: Types of A. elegans can be viewed on the PE website (http://pe.ibcas.ac.cn/en/). 

Key to species of Arthromeris in India: 

la. Sori in one row on each side of costa 

2a. Pinnae (at least in lower part of frond) stalked. A. tenuicauda 

2b. Pinnae sessile 

3a. Rhizome scales with caudate apex .A. tatsienensis 

3b. Rhizome scales with acuminate apex.A. wallichiana 

lb. Sori in more than one row on each side of costa 

4a. Sori in single row in between costules.A. wardii 

4b. Sori in more than one (commonly two) row between costules, or scattered 

5a. Lateral pinnae in 1-4 pairs 

6a. Rhizome scales dense, whitish .A. tomentosa 

6b. Rhizome scales sparse, brown.A. himalayensis 

5b. Lateral pinnae in more than 4 pairs 

7a. Sori close to costa, pinna apex caudate. A. elegans 

7b. Sori distributed up to margin, pinna apex caudate-acuminate 

8a. Abaxial lamina glabrous .A. mairei 

8b. Abaxial lamina glabrous to hairy 

9a. Costa not scaly. A. lehmannii 

9b. Costa scaly.A. cyrtomioides 
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Lectotypification 

Arthromeris himalayensis (Hook.) Ching, Contributions from the Institute of Botany, National Academy of 
Peiping 2(3): 99 (1933). 

Polypodium himalayense Hook., Species Filicum 5: 91 (1863). 

Lectotype (designated here): INDIA, Sikkim [“Regio temp.”], alt. 6-8000 ped., J.D. Hooker s.n.. Herb. Ind. Or. 
Hook. fil. & Thomson (B200157568), Isolectotypes: B200157570, K1044110, P1462036). 

Specimens examined: INDIA. West Bengal: Darjeeling, Gairibas, Singalila N. Park, 2620 m, 18 Sep 2002, A.K 
Ghosh 31947 (CAL), Darjeeling, Upper Rimbier, Palmazwa block III-X, 2600 m, 28 May 1983, S.R. Ghosh 

57636 (CAL), 2620 m, 28 May 1983, S.R. Ghosh 31947 (CAL), Darjeeling, Tonglu, Mighma, 15 May 1975, R.D. 
Dixit 52981 (CAL4568), Darjeeling, Tonglu, Gairibas, 10000 ft, 13 May 1975, R.D. Dixit 52954 (CAL4566); 
Sikkim: Chungthang, 2550 m, 26 Mar 1984, S.R. Ghosh 58359 (CAL, 3 sheets), Lachung, 9000 ft, 10 Sep 1892, 

G.A. Gammie 700 (CAL, 2 sheets). 

Hooker (1863) proposed the name Polypodium himalayense as a replacement name for Polypodium venustum 
sensu Wall. (1829) non Desv. (1811) and in the protologue cited collections of Wallich (Catalogue no. 305) 
from Nepal, Griffith and Booth from Bhutan, Hooker & Thomson from Sikkim, India, and Simons from Khasia 
(Meghalaya, India). 

An examination of the syntypes and Hooker’s (1863) description in protologue “sori vary, 1-2 biseriate between 

the costules, sometimes there is only one series parallel with the costa, sometimes 3-4” revealed that he had 
mixed four distinct species in his concept of P. himalayense, namely A. elegans, A. himalayensis, A. lehmannii 
and A. wardii. Here, for nomenclatural stability, a specimen held at B (J.D. Hooker s.n., B200157568), is selected 
as lectotype of A. himalayensis to restrict the application of the name to its current sense. Identities of the other 
syntypes are as follows: 

1. A. elegans: Bhutan, W. Griffith s.n. (B200157576), Bhutan, Booth s.n. (K001044106, frond at right). 

2. A. himalayensis: Bhutan, W. Griffith 2724 (K1044107, specimen at left). 

3. A. lehmannii: Nepal, 1820, Wallich Cat. no. 305 (BM93793, K1109762; K1044108), Nepal, 1821, 
N. Wallich s.n. (BM1039689, K1044109). 

4. A. wardii: Bhutan [‘Bhotan], W. Griffith s.n. (B200146503). 

For a long time, in the literature (see Beddome 1869: 318, t. 318; 1892: 372, Plate No. 212), A. himalayensis was 
depicted as a plant with an imparipinnate frond; pinnae up to 4 pairs, obovate-lanceolate, pinnae apex caudate, 
margin broad cartilaginous; rhizome with a whitish bloom and lower lamina with variable amount of hairs. 

An extreme form with densely hairy lamina has been recognised as A. himalayensis var. niphoboloides 
(C.B.Clarke) S.G.Lu (Lu 1998) but the present author considers this a synonym of A. himalayensis and not a 
distinct variety as cited by Zhang et al. (2013). It should be noted that Clarke (1880), himself, said that “there is 
a series of examples connecting this var. with the type.” 

The name A. venusta (J.Sm.) J.Sm. is also based on Wallich Cat. no. 305 and has priority over A. himalayensis. 
However, specimens of Wallich Cat. no. 305 in K are actually A. lehmannii and Fraser-Jenkins (2008) correctly 
reduced A. venusta to the synonymy of A. lehmannii. 
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Fig. 1. Specimen of Arthromeris elegans Ching (Polypodiaceae) from India (/. Mazumdar 178) showing habit. 

Fig. 2. Part of specimen of Arthromeris elegans Ching (/. Mazumdar 178) showing shape of pinnae and soral arrangement. 
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Abstract 

The name Andrographis alata (Vahl) Nees, basionym Justicia alata Vahl, is epitypified here. 

Introduction 

Vahl (1804) described Justicia alata based on the specimen (/.G. Koenig s.n., C10004732) collected from India 
[India Orientalis] with the diagnostic characters of “Racemes axillary, leaves are linear to lanceolate and stems 
somewhat winged” (Vahl 1804, p. 139). Nees (1847, p. 516) transferred this species to Andrographis and further 
stated that the specimen at Vahl herbarium is “imperfect and lack of flowers”. During a study of the systematics 
of Andrographis in India, an image of the type specimen from the Vahl herbarium at Natural History Museum 
of Denmark (C) was examined. This specimen is represented only by the stem with portion of a leaf, and 
devoid of flowers, bracts, and fruits (Fig. 1). Since the protologue describes the inflorescence, flowers and 
arrangement of leaves, this implies that the type specimen was previously more complete or Vahl had access to 
other specimens collected by Koenig. Attempts to locate other type material were unsuccessful. Therefore, the 
collection J.G. Koenig s.n. (C10004732) is regarded as the holotype of the name /. alata. If it is not the holotype 
because other material was examined by Vahl, then this collection is designated here as the lectotype. 

Andrographis alata is morphologically similar to A. elongata (Vahl) T.Anderson and these two species may be 
confused. The latter species also has axillary and terminal racemes and winged stems. Andrographis alata can 
be distinguished from the latter because of its large-sized flower (over 1 cm long), anthers that are glabrous at 
their base and lanceolate to linear leaves towards top of the glabrous plant. Therefore, the type of this name is 
demonstrably ambiguous and cannot be used for precise identification and application of the name. Thus, an 
epitype specimen is selected here for this name to serve as an interpretative type material according to Articles 
9.8 and 9.21 and recommendation 9C.1 of ICN (McNeill et al. 2012). 

Andrographis alata (Vahl) Nees in A.R de Candolle & A.L.RR de Candolle, Prodromus Systematis Naturalis 
Regni Vegetabilis 11: 516 (1847). 

Justicia alata Vahl, Enumeratio Plantarum 1: 139 (1804). Type: India Orientalis: /. G. Koenig s.n., without date. 
(Lecto, here designated, or possibly holo): C10004732 [image]!). - Fig. 1. 

Epitype (here designated): India: Tamil Nadu: Nilgiris district: Barliyar-Coonoor, 800 m, G. Gnanasekaran 
126893,27 Feb 2013 (MH); isoepi: CAL. - Fig. 2. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1: Lectotype (or perhaps Holotype) of 

Andrographis alata (basionym = Justicia alata) 
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Fig. 2: Epitype of Andrographis alata (basionym = Justicia alata) 
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Abstract 

Lithothelium kantvilasii sp. nov. (lichenized Ascomycota, Pyrenulaceae) is described from cool-temperate 
rainforest in the Tarkine region of north-western Tasmania, Australia. It has a whitish and largely endophloeodal 
thallus, minute, solitary perithecioid ascomata with an apical ostiole and small, hyaline 3-septate ascospores. 
A key is provided to the seven species of Lithothelium that occur in Australia and Christmas Island (an 
Australian territory). 

Introduction 

Lithothelium Mull. Arg. (Pyrenulaceae) includes 30-35 mostly corticolous, temperate to tropical species 
with solitary or fused, black, perithecioid ascomata. Individual perithecia have an apical, excentric or lateral 
ostiole, an amyloid or non-amyloid hymenium, mostly unbranched paraphyses, asci with a well-defined ocular 
chamber and colourless to brown, 3(-9)-distoseptate or submuriform ascospores with rounded to lentiform 
lumina and a greatly reduced endospore (Aptroot 1991, 2006, Harris 1995). Four species are known from 
mainland Australia (Aptroot 2009), and two others have been described from Lord Howe Island (New South 
Wales) and the external territory of Christmas Island (McCarthy 1996,2001). 

In this paper, Lithothelium kantvilasii, a diminutive and highly distinctive species, is described as new from 
twigs of Anodopetalum biglandulosum in cool-temperate rainforest in the Tarkine region, north-western 
Tasmania. It is compared with several broadly similar extra-Australian taxa, and is included in an updated key 
to the seven Australian species of Lithothelium. 

Methods 

Observations and measurements of photobiont cells, mycobiont hyphae and ascomatal anatomy, asci and 
ascospores were made on hand-cut sections mounted in water and 10% KOH (K). Asci were also observed in 

Lugol’s Iodine (I), with and without pretreatment in K. Chemical constituents were sought by means of thin- 
layer chromatography (Elix 2014). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Lithothelium kantvilasii P.M.McCarthy, sp. nov. Fig. 1 

MycoBank No.: MB 813593 

Characterized by the whitish to pale grey endophloeodal or very thinly epiphloeodal thallus lacking lichen 
substances; solitary perithecioid ascomata 0.17-0.28 mm wide, with an apical ostiole; a non-amyloid and 
non-inspersed hymenium with simple to very sparingly branched paraphyses; 8-spored asci 54-72 pm long, 
12-16 pm wide; and hyaline, 3-distoseptate ascospores 12-18 pm long, 4-6 pm wide. 

Type: AUSTRALIA: Tasmania: Savage River National Park: E side of Baretop Ridge, 41°18'37"S, 145°26'51"E, 
alt. 580 m, on twigs of Anodopetalum biglandulosum in cool-temperate rainforest, G.Kantvilas 53/15, 19 Jan 
2015; holotype: H0576854. 

Thallus crustose, endophloeodal to very thinly epiphloeodal, continuous to sparingly and faintly rimose, 
silvery white, off-white or pale greenish grey, smooth, to 2 cm wide, c. 20-30 pm thick when epiphloeodal, 
ecorticate, UV-. Photobiont Trentepohlia; cells sparse or patchily abundant, 8-16 pm long, 8-12 pm wide; 
interstitial hyphae 2-3 pm thick. Prothallus diffuse and not apparent, or a thin blackish line when contiguous 
with thalli of the same or different species. Ascomata perithecioid, numerous, semi-immersed to almost 
completely immersed in the substratum, mostly solitary, planoconvex to convex or occasionally subconical 
above, dull to slightly glossy black, circular to slightly elliptic in outline, (0.17-)0.23(-0.28) mm wide [n = 50]. 
Ostiole apical or very slightly excentric, inconspicuous or in a shallow, 20-30 pm wide concave depression 
that is concolorous with or paler than the ascomatal wall. Ascomatal wall 30-50(-60) pm thick, olivaceous 
black to jet-black in section, extending down to excipulum-base level, contiguous with the excipulum laterally 
or diverging from it; surface smooth to minutely and irregularly uneven; lower half with or without a thin 

covering of thallus and/or bark cells. Excipulum 10-15 pm thick, pale to medium olivaceous brown apically 
and laterally and hyaline at the base, or uniformly ± hyaline. Hymenium non-amyloid, Lugol’s 1+ orange- 
brown, not inspersed with granules or oil globules. Subhymenium c. 8-10 pm thick. Paraphyses 0.7-1 pm wide, 
long-celled, mostly simple, occasionally sparingly branched, not anastomosing. Asci fissitunicate, 8-spored, 
cylindrical, cylindroclavate or narrowly obclavate, 54-72 x 12-16 pm; apex rounded, non-amyloid; ocular 
chamber of immature asci tuberculate or sagittiform, usually remaining tuberculate or broadly rounded at 
maturity, c. 2-3 pm wide. Ascospores hyaline, narrowly ellipsoid to broadly fusiform or almost oblong, with 3 
distosepta, lacking any trace of eusepta, usually irregularly biseriate in the ascus, occasionally uniseriate above 
and biseriate below (in obclavate asci), (12—) 15(—18) pm long, (4-)5(-6) pm wide [n = 50]; apices rounded to 
acute; central lumina subglobose, broadly ellipsoid or lentiform, sometimes diamond-shaped; apical lumina 
usually a little longer and narrower; contents of lumina occasionally pale golden yellow; endospore 1-1.5 pm 
thick; perispore not apparent. Pycnidia not confirmed; however, black, semi-immersed structures 50-80 pm 
wide and resembling pycnidia are numerous; conidiogenous hyphae and conidia not seen. 

Chemistry: no substances detected by TLC (J.A.Elix, pers. comm.). 

The diagnostic attributes of Lithothelium kantvilasii, outlined above, set it well apart from most species of 
the genus which exhibit one or more of the following characters: clustered ascomata, fused or separate lateral 
ostioles and red-brown ascospores (Aptroot 1991,2006; Harris, 1995). Among the remainder, the widespread, 
northern-temperate to tropical species L. hyalosporum (Nyl.) Aptroot has ascomata 0.3-0.5 mm wide with 
an excentric ostiole and ascospores 14-20(-24) pm long, 6-8(-12) pm wide, with comparatively small apical 
lumina. The Neotropical L. illotum (Nyl.) Aptroot has 0.4-1.0 mm wide ascomata with a skewed ostiole, an 
amyloid hymenium and ascospores 18-23 pm long, 6-10 pm wide; L. microsporum R.C.Harris, from Florida, 
has solitary, 0.4-0.5 mm wide ascomata with an excentric ostiole and, critically, exceptionally small ascospores 
measuring 10-12 pm long, 4-4.5 pm wide (Harris 1995); and L. japonicum H.Harada has an olivaceous thallus 
and a hymenium containing oil droplets (Harada 1997). 

Etymology: The new species is named in honour of Gintaras Kantvilas, a Tasmanian lichenologist and collector 
of the type specimen. 

Distribution and habitat: Lithothelium kantvilasii is known only from the type locality in the Tarkine 
region of north-western Tasmania, where it grows on the thin bark of centimetre-wide, understorey twigs of 
Anodopetalum biglandulosum (Cunoniaceae) beneath a rather broken Nothofagus-dominated canopy in cool- 
temperate rainforest. 
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Fig l. Lithothelium kantvilasii (holotype). A, Habit of thallus andperithecia; B. Part of a sectioned perithecium (semi-schematic); 

C. (left to right), Immature, submature and mature asci, with paraphyses. Scales: A = 0.5 mm; B = 0.1 mm; C = 20 pm. 

Key to Lithothelium in Australia and Christmas Island (Australian Territory) 

1 Thallus growing on siliceous rock; Lord Howe Island . L. austropacificum 

1: Thallus growing on the bark of trees or shrubs.2 

2 Ostiole apical or slightly off-centre .3 

2: Ostiole strongly excentric to lateral.4 

3 Ascomata 0.17-0.28 mm diam., mostly solitary; ascospores colourless, 3-septate; Tasmania .. L. kantvilasii 

3: Ascomata 0.4-0.9 mm diam., mostly laterally fused in aggregations up to 4 mm long and 2 mm wide; 
ascospores red-brown, submuriform; NE New South Wales.L. hieroglyphicum 

4 Ascospores submuriform; SE Queensland.L. nanosporum 

4: Ascospores 3-septate.5 

5 Ascospores red-brown; ascomata solitary; SE Queensland .L. decumbens 

5: Ascospores colourless; ascomata solitary or up to 5 sharing a common ostiole.6 

6 Ascospores 10-18 pm long, 4.0-7.5 pm wide; ascomata 0.3-0.8 mm wide; Christmas Island, northern 
Northern Territory, E Queensland, Lord Howe Island (New South Wales).L. obtectum 

6: Ascospores 18-31 pm long, 10-20 pm wide; ascomata 0.55-1.1 mm wide; Christmas Island.L. quiescens 
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Abstract 

Eria merguensis Lindl., an uncommon orchid, is reported here for the first time from India. The conservation 
status of the species is discussed in Indian context. 

Introduction 

The genus Eria Lindl. sensu lato (Orchidaceae: Epidendroideae: Eriinae) is highly polymorphic and represented 
by c. 500 species (Pridgeon 1992), distributed from Sri Lanka to Tahiti (Ormerod 2014). In India, Eria s.l. is 
represented by 60 taxa (Agrawala and Chowdhery 2013). 

The circumscription of the genus Eria is still controversial. Lindley (1858) recognized 11 sections, Bentham 
(1881) recognized 10 sections, Kranzlin (1911) recognized 8 sections under Eria. Seidenfaden (1982) provided 
a list of 41 sectional names in Eria in his treatment. Cribb et al. (2005) reinstated several earlier recognized 
genera that had been reduced to sectional ranks, but their concepts have not been accepted in some recent works 
(Agrawala and Chowdhery 2013; Agrawala and Ormerod 2014; Ormerod 2014) because the “circumscriptions 
of these genera are overlapping and not precisely defined” (Agrawala and Chowdhery 2013, p. 116); some 
segregate genera “seem difficult to define” and “the definition of the genus Callostylis Blume seems somewhat 
broad” (Ormerod 2014, p. 77). 

During field explorations between 2010 and 2013, the authors collected some plants of Eria from North Himen 
Village in the Kolasib district and Murlen National Park in the Champhai district, both within the State of 
Mizoram (Fig. 3). A voucher specimen of the first collection could not be prepared due to lack of flowers and 
scarcity of specimens. However, a single living clump was transplanted to the Orchidarium of the Botanical 
Survey of India, Eastern Regional Centre, Shillong for ex-situ conservation and further study Critical study of 
live plant material from North Himen and a herbarium specimen from Murlen National Park revealed their 

identity as Eria merguensis Lindl., a species hitherto unknown from India. 

© 2015 Royal Botanic Gardens and Domain Trust 



172 Telopea 18: 171-176, 2015 Singh, Kumar, Bhattacharjee and Sharma 

Blume (1825) described the genus Mycaranthes with 3 species (Mycaranthes oblitterata Blume, M. latifolia 
Blume and M. lobata Blume). Reichenbach (1857) treated Mycaranthes as a section of Eria for the first time 
and placed all of Blume’s three species of Mycaranthes along with another species of Eria, viz. E. javensis Zoll. 
& Moritzi, in the section Mycaranthes (Blume) Rchb.f. Lindley (1858) described E. merguensis and placed it in 
section Mycaranthes along with E. stricta Lindl. and E. retusa (Blume) Rchb.f. Lindley (1858) had misapplied 
the sectional name Mycaranthes, and therefore the new section Secundae Leavitt was created to accommodate 
the misplaced species. Seidenfaden (1982) placed Eria merguensis in section Secundae with other species of 
Eria, viz. E. siamensis Schltr. and E. porteri Seidenf. & A.D. Kerr. In the present communication we prefer to 

follow Seidenfadens treatment but are aware that further studies may place Eria merguensis in a different 
section or genus for that matter. A detailed taxonomic account of the species is provided below. 

Taxonomic treatment 

Eria merguensis Lindl., Journal of the Proceedings of the Linnean Society Botany 3: 52 (1858); HG Reichenbach, 
The Gardeners Chronicle, new series 13: 616 (1880); Seidenfaden, Opera Botanica 62: 82 (1982). 

Pinalia merguensis (Lindl.) O. Kuntze, Revisio Generum Plantarum 2: 679 (1891). 

Mycaranthes merguensis (Lindl.) Rauschert., Feddes Repertorium 94: 456 (1983). 

Lectotype (designated by Seidenfaden 1982): Mergui, Griffith 1034 (K, image!, [as‘type by Seidenfaden, loc. cit.]); 

Residual syntype: Moulmein, Lobb s.n. (K-LINDL). 

Epiphytic, 8-20 cm tall herbs. Pseudobulbs crowded, clavate to cylindrical-clavate, 4-10 cm long, 0.5-1.2 cm 
wide. Leaves 2 or 3, arising from subapical nodes of pseudobulbs, oblong-ovate to oblong-lanceolate, 5- 11 cm 
long, 0.7-1.5 cm wide, blunt and unequal at apex, lamina narrowed to form c. 5 mm long petiole-like structure, 
midrib distinct. Inflorescence a subterminal raceme, 1 or 2 from a pseudobulb, erect, densely 16-68-flowered, 
flowers facing outwards in all directions, covered with white tomentose hairs; peduncle 2-6 cm long; rachis 
2- 10 cm long. Floral bracts minute, c. 1 mm long, 0.5 mm wide. Flowers densely woolly externally, yellow; 
sepals similar, c. 1.5 mm long, 1.2 mm wide, ovate to ovate-orbicular, obtuse at apex, white tomentose outside, 
3- veined, lateral sepals sometimes slightly oblique; petals ovate to oblong-ovate, c. 1.2 mm long, 0.8 mm wide, 
obtuse at apex. Lip obscurely 3-lobed, c. 1.4 long, subacute to obtuse at apex, with 2 fat parallel longitudinal 
calli; calli truncate and papillose at apex. Pollinia 8, yellow, clavate, each c. 0.3 mm long. Fig. 1,2. 

Flowering and fruiting: January-April 

Habitat: The plants are found growing on the branches of trees at the edges of tropical and subtropical forests, 
at elevations of 600-1600 m. 

Distribution: India (reported here), Myanmar, Thailand. 

Etymology: The generic name Eria is derived from the Greek cerw (wool) in reference to the outside of the 
sepals and petals, and the specific epithet is after the type-locality (Mergui) of the species. 

Specimens examined: INDIA: Mizoram, Champhai, Murlen National Park, 1550 m, 15 Apr 2013, Ramesh 
Kumaretal. 128466(ASSAM).MYANMAR:Moulmein,Jan 1897,Peches.n. (CAL);Feb 1897,Peches.n. (CAL); 
Mergui, Mar 1911 ,Meebold 14510 (CAL). 

Diagnostic features: Eria merguensis is morphologically similar to E. porteri (Seidenfaden 1982), a probable 
synonym of E. pudica Ridl., but can be distinguished by its dense, 16-68-flowered inflorescence (vs 
10-12-flowered inflorescence in E. porteri), sepals c. 1.5 mm long (vs sepals c. 3 mm long in E. porteri) and 
papillose apices of labellum calli (vs smooth labellum calli in E. porteri). Further, the hairs on the pedicel plus 
ovary and sepals in E. merguensis are coarsely tomentose, where in E. porteri the hairs are finely tomentose. 
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Fig. 1. Eria merguensis Lindl. a-b, habit; c, portion of rachis; d, flower. 
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Fig. 2. Eria merguensis Lindl. a, habit; b. Flower (front view); c, flower (basal view); d, sepals, petals, lip, column 

and pedicel plus ovary; e, anther (left) and pollinia; f, column. [Portions of an illustration (rearranged) at CAL 
prepared on a herbarium sheet (with a label) possibly by Robert Pantling] 
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Fig. 3. Map (with 10 x 10 km grids) showing distribution of Eria merguensis Lindl. in India, 
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Conservation status in India: Endangered [EN Blab(ii) D] 

Eria merguensis is presently reported only from three countries, viz. India (here reported), Myanmar and 
Thailand. In India, we could locate c. 150 mature individuals (Criterion D) of E. merguensis growing in 
2 localities in the State of Mizoram (Fig. 3), i.e. in forests of North Himen village, Kolasib and Murlen National 
Park, Champhai. In India, the Extent of Occurrence (EOO, Criterion Bl) of E. merguensis is c. 3000 sq km 
and Area of Occupancy (AOO, Criterion B2) is c. 8 sq km. However, we predict that the AOO may be slightly 
higher (but of course <500 sq km) as the species may occurs in a few more nearby locations due to similar type 
of habitat and species-composition. We have not observed any natural or man-made threat to this epiphytic 
species in Murlen National Park (Protected Area), but it is under moderate threat near the North Himen 
village due to dependency of the tribal people on the forest. Based on its EOO (Criterion Bl), the number of 
mature individuals (Criterion D) and the present threat (near North Himen village) we assessed E. merguensis 

as Endangered [EN Blab(ii) D] in India as per IUCN’s guidelines (IUCN, 2012). The status of E. merguensis at 
global level could not be assessed at present due to lack of sufficient data on Thai and Burmese specimens and 
their present populations. 
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Abstract 

The widespread southern African species, Metzgeria consanguinea, M.furcata and M. leptoneura (Metzgeriaceae) 
are revised, illustrated and their geographical distributions mapped. Metzgeria furcata is newly reported from 
Lesotho, and the Free State and Gauteng Provinces of South Africa. 

Introduction 

Since the revision of African Metzgeria by So (2004), three new records have been reported for the continent, 
to bring the total number of species to eleven (Ellis et al. 2014). The new records are M. scyphigera Stephani, 
M. pulvinata Stephani and M. albinea Spruce, all from Rwanda. A taxonomic and historic account of 
Metzgeriaceae in the Flora of southern Africa (FSA) region, as well as a key to the species, were presented by 
Phephu and van Rooy (2013). The four southern African species of Metzgeria restricted to Africa and the East 
African islands (Metzgeria madagassa Stephani, M. nudifrons Stephani, M. quadrifaria Stephani, M. saxbyi 
Pearson) were treated by Phephu and van Rooy (2014). The aim of this third and last paper in the series is to 
revise the three remaining, widespread species viz. Metzgeria consanguinea Schiffn., M. furcata (L.) Dumort. 
and M. leptoneura Spruce. 

1. Metzgeria consanguinea Schiffn., Nova Acta Academiae Caesareae Leopoldino-Carolinae Germanicae 
Naturae Curiosorum 60 (2): 271 (1893); Stephani, Species Hepaticarum 1: 295 (1899); So, New Zealand Journal 
of Botany 42: 272 (2004). Fig. 1 

Type: Java: “in summon apices montis Pangerango”, Karsten s.n. (holotype: FH; isotypes: BM!, FPL G, S, W). 

Plants green or yellowish green, occasionally developing light blue patches on gemmae or tapering apex of 

herbarium (dried) specimens. Thallus (4-) 10-20 mm long, 1-1.2 mm wide, flat; branches dichotomous, 
sometimes arising ventrally on thallus, 1.5-3.5 mm long; wing (12-)18-20(-24) cells wide from midrib to 
margin; apex tapering, acute or obtuse (dimorphic); margins plane to slightly recurved; costa 0.06-0.08 mm 
wide, dorsal cells 2 or 3, ventral cells 2 or 3 and 10(—15) thick-walled internal medullary cells; lamina cells 
25-110 pm long, 15-60 pm wide, regularly hexagonal or polygonal, smooth, walls thin or thick, small trigones 
present; hairs single, straight or curved, sparse on thallus margins, ventral face of thallus and ventral costa, 
thallus marginal hairs 0.1-0.2 mm long, costal hairs 0.08-0.2 mm long. Gemmae on thallus margins and apices, 
0.04-0.2 mm wide, sparse to abundant, ovoid. 

Dioicous. Male branches 0.2-0.3 mm wide, globose, glabrous;/ema/e branches (0.4-)0.5-1.3 mm long, 0.2-0.6 mm 
wide, obovate or obcordate, hairy; calyptra hairy, hairs 0.2-0.5 mm long; spores not seen. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Distribution and ecology: Metzgeria consanguinea is mainly pantropical. In southern Africa it occurs in 
the KwaZulu-Natal and Western Cape Provinces of South Africa as well as Lesotho (Fig. 2). In Africa, it is 
also known from west Africa and Ethiopia southwards to eastern and southern Africa, as well as the Indian 
Ocean islands of Comoros, Madagascar and Reunion (So 2004,Wigginton 2009). In southern Africa, Metzgeria 
consanguinea grows on ledges, in rocky recesses, on rusty metal, and epiphytic on tree bark in cool, shady 
places, at elevations of 760-1311 m. 

Specimens examined: SOUTH AFRICA: KwaZulu-Natal: Bouvie York, 2930AD (see Edwards and Leistner 
1971), 1219 m, Sim 1848, May 1920 (PRE); Nels Rust, 2930CD, Sim 1445, Dec 1916, (PRE). Western Cape: 
Worcester Division, New Year Peak, Slanghoek Mountains, 3319CA, 1311 m, Esterhuysen 24696, Sep 1955 

(PRE); Montagu, Swellendam Division, Goedgeloof, Langeberg, 3320CD, S-aspect, Esterhuysen 24529, 3 Sep 
1956 (UPS); Table Mountain, Silverstream Ravine, 3318CD, 900 m, Esterhuysen 25101, 11 Dec 1955 (UPS); 

Ceres Division, Hansieberg, kloof on W slopes, 3319AB, S-aspect, 1200 m, Esterhuysen 25681, 18 Apr 1956 
(UPS); Eastern slopes of Table Mountain, Skeleton Gorge, 3318CD, 760 m, Arts RSA104/44,16 Oct 1996 (BR). 

Additional specimens examined: DEMOCRATIC REPUBLIC OF CONGO: Lambinon 72.Z.236 (BM). 
TRISTAN DA CUNHA: Gough Island: Wace 630/(BM). JAVA: Karsten s.n (BM). KENYA: Agnew 1166 (BM); 

Fries & Fries s.n (S). UGANDA: Scott Elliot 180 (BM), Elliot 258 (G). BOLIVIA: Herzog 5048 (G, holotype of 
M. attenuata Steph., treated as a synonym of M. consanguinea by So (2004). 

Fig. 1. Metzgeria consanguinea Schiffn.: A, thallus; B, thallus apex showing gemmae; C, laminal cells, marginal and ventral 

costal hairs; D, cross section of costa; E, ventral surface of thallus with male branchlets. A, B from Esterhuysen 24529 

(PRE); C, E from Sim 1848 (PRE); D, F from Esterhuysen 24696 (PRE); F from Sim 1445 (PRE). 
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Notes: Metzgeria consanguinea is recognized by its blue-tipped, tapering thallus apices with abundant, concave 
blue-tinged gemmae, and dorsal and ventral costa of 2 or 3 cells throughout the thallus. The description and 
illustrations of M. violacea (Ach.) Dumort in Arnell (1963) is based on material collected and determined 
by T.R. Sim and that we confirmed as M. consanguinea. The occurrence of M. consanguinea in the Free State 
Province, as reported by Perold (2006), based on the BM specimen Cooper 3431 listed by So (2004), could not 
be confirmed. 
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Fig. 2. Distribution of Metzgenia consanguinea (dot) and M. leptoneura (filled triangle) in southern Africa. 

2. Metzgeria furcata (L.) Corda, Naturalientausch 12: 654 (1829); So, New Zealand Journal of Botany 42: 276 
(2004). 

Jungermannia furcata L., Species Plantarum (ed. 1) 2,1136 (1753). Fig. 3 

Type: (illustration) aLichenastrum tenuifoliumjurcatum, thecis globosispilosis”in Dillenius, Historia Muscorum 
t. 74, f. 45 A-C, F and G (lectotype, designated by Grolle and So 2002: 119); Herb. Dillenius fol. 163, n. 45 
(epitype: OXF, designated by Grolle and So 2002: 120; isoepitype: Fi-SOL!). 

Metzgeria capensis S.W.Arnell, Svensk Botanisk Tidskrift 47 (1): 107 (1953). 

Type: South Africa: Cape Province, Knysna, Garden of Eden, Arnell 2150 (holotype: not located); Arnell 2118 
(paratype: S!). 

Metzgeria nicomariei Veltman & Potgieter, South African Journal of Botany 66:112 (2000). 

Type: South Africa: Mpumalanga, Kangwane, Farm Duurstede, (The Bearded Man), 1280 m, 2531CB, Veltman 
and Potgieter 12, 7 Dec 1992 (holotype: PRU; isotype: PRE!). 

Metzgeria perrotana Stephani, Species Hepaticarum 1:286 (1899). 

Type: South Africa: Montagu Pass, Rehmann 200 (lectotype: G45407!, designated by So 2004; isolectotype: FH). 
Madagascar, distr. Tamatave, prope Fenerive, Perrot 349, anno 1896 (residual syntypes: FI, G12845!). 

Metzgeria tabularis Stephani, Denkschriften der Kaiserlichen Akademie der Wissenschaften / Mathematisch- 
Naturwissenschaftliche Classe 88: 725 (1913). 

Type: South Africa: Tafelberg Bei Kapstadt, Brunnthaler 1909, Mar 1968 (holotype: G3449!; isotype: W). 
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Plants green to yellowish green. Thallus 10-30 mm long, 0.5-1.3 mm wide, almost of uniform width, usually 
flat or convex; branches dichotomous, arising from margins or ventrally on thallus; wing (6-) 13(-20) cells wide 
from midrib to margin, dorsal face nude, ventral face sporadically hairy; apex rounded or retuse, reddish-tipped; 
margins plane to weakly recurved; costa 0.08-0.09 mm wide, dorsal cells 2, ventral cells 2 or 3(or 4) and (6-) 10- 
14(—18) medullary cells in four rows; laminal cells (16-)30-40(-90) pm long, 30-50 pm wide, hexagonal, smooth 
to weakly papillose, trigones small; hairs single, rarely geminate, straight or sometimes curved, sparse on thallus 
margins, ventral face thallus and ventral costa, marginal hairs (0.04-)0.1-0.2 mm long, costal hairs 0.1-0.2 mm 
long. Gemmae on thallus margins, 0.3-0.6 mm wide, discoid, hairy, hairs 0.02-0.05 mm long. 

Dioicous. Male branches 0.3-0.4 mm wide, globose, nude; female branches 0.5-1 mm long, 0.4 mm wide, ovate, 
triangular-cordate or broadly obovate, hairy; calyptra 0.2-0.5 mm long, pyriform or clavate, densely hairy, hairs 
up to 0.2 mm long, straight; seta (0.8-) 1.0-1.4 mm long, capsule 0.5mm long, globose to subglobose, 4-valved; 

elaters 1-spiral, (8-) 10-12 pm wide; spores 20-27 pm, round. 

Fig. 3. Metzgeria furcata Stephani: A, thallus, with marginal gemmae; B, G marginal and ventral costal hairs; C, cross 

section of costa; D, laminal cells; E, antheridium; F, oospores; G, female branch with calyptra and capsule valves. A, E 

from Sim CH1428 (PRE); C from Wager 2113 (PRE); D from Sim 1520 (PRE); F from Perold & Koekemoer 4268 (PRE). 

Distribution and ecology: Metzgeria furcata is subcosmopolitan and reported from all continents except 
Antarctica. In southern Africa, it was previously known from Mpumalanga, KwaZulu-Natal, Eastern Cape and 
the Western Cape Provinces of South Africa (Perold 2006). The species is now also reported from Lesotho, 
Free State and Gauteng Provinces (Fig. 4). It is also known from tropical to southern Africa and the Indian 
Ocean islands of Madagascar, Mauritius and Reunion (So 2004, Wigginton 2009). Metzgeria furcata grows in 
the shade on the bark of trees or shrubs, rocks, walls, soil (sand and humus), or on other bryophytes, on river 
banks, streams, wooded areas or wet montane. It is found on S-facing aspects, at elevations of 303-1800 m. 
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Specimens examined: EASTERN CAPE: Alexandria Forest, Longbush kop, 6 miles inland, 3326CB, Sim 
CH1862, CH1409, 25 Oct 1920 (PRE); Perie Forest, 3227CB, 1067 m, Leighton 1441, anno 1915 (PRE); King 
Williams Town, Hogsback, 3227CA, Sim 1436,12 Oct 1915 (PRE); Grahamstown, 3326BC, Hepburn 4 (PRE); 

‘Maiu’, 914 m, Young 7470 (PRE). GAUTENG: Hartebeeshoek Satellite Tracking Station, ±1450 m, 2527 DC, 
van Rooy 4006, Mar 2001 (PRE). KWAZULU NATAL: Monk’s Cove, near campsite, on way to gorge, 2929AB, 
Perold & Koekemoer 4268, Dec 1999 (PRE),Ngoya Forest, Zululand, 2831DC, 305 m, Sim CH1428,1915 (PRE); 
Nottingham Road, 2930AC, Van der Byl 11, 8 Apr 1917 (PRE); Drakensberg, Cathedral Peak Forest Reserve, 

Indumeni Forest, Podocarpus forest, 2829CC, 1600-1800 m, van Rooy 1657, Dec 1984 (PRE). MPUMALANGA: 
Lydenburg, Buffelskloof Nature Reserve, Secret Falls, high forest area, below falls, 2530AD, 1550 m, Glen, 3334, 
23 May2002 (PRE); Belfast,2530CA, Wager2113 (PRE).WESTERN CAPE: Knysna,Garden ofEden, 3423AA, 

Arnell 2118, 30 Nov 1951 (S), Arnell CH4079, CH4083 (PRE); Knysna, Diepwalle Forest Reserve, 3323CC, 
Arnell 1913,28 Nov 1951 (S); Table Mountain, above Kirstenbosch Garden, 3318CD, Arnell CH4082,10 Sept 

1951 (PRE); Knysna, Diepwalle Forest Reserve, 3323CC, Arnell CH4081 (PRE); Cape Province, Mac Owen? 177 
(PRE); Knysna, 3323CC, Rehm 317, 28 Nov 1951 (PRE); Table Mountain, Newlands Ravine, 610 m, 3318CD, 
Sim 1520 and CH1500, Jan 1919 (PRE); Cape Town, Table Mountain, Window Gorge Waterfall, 3318CD, 610 
m, Sim CH1371, Jan 1919 (PRE); Kloof off Bains Kloof, 3319CA, Primos 1525, Dec 1925 (PRE); Cape Town, 
upper part of Kirstenbosch, 3318CD, Pillans 3349,19 Jan 1919 (PRE); Table Mountain, 3318CD, Mitchell 1412, 
1918 (PRE). 

Additional specimens examined: CAMEROON: Preuss s.n. (BM). MADAGASCAR: Perrot 349 (G). PRINCE 
EDWARD ISLANDS: Rand B24111 (S). SAO TOME: Excell 608a (BM); Quintas 1888 (BM, S, G, isotype 
of M. thomeensis Stephani, regarded as a synonym of M. furcata by So, 2004); Quintas s.n. (G, holotype of 
M. thomeensis). SIERRA LEONE: Jones 1427,1473a, 1509 (BM). TANZANIA: Jones 2280,2281; Poes 6158/AK, 
6372AJ (BM); Poes T. et D.M 6372 p.p. (BM). USA: Stegazzini 112 (YPM). 
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Fig. 4. Distribution of Metzgenia furcata (dot) in southern Africa. 

Notes: Arnell (1963) recognized four different species, three of which are now synonyms of M. furcata, viz. 
Metzgeria capensis S.W. Arnell, M. tabularis Stephani, M. perrotana Stephani (So, 2004). 

Kuwahara (1983) indicated that he had examined the holotype of M. capensis (voucher: Arnell 2150) in UPS 
and reduced it to synonymy under M. decipiens (C. Massal.) Schiffn. Costa (2008), in her monograph of 
neotropical Metzgeria, followed Kuwahara and treated M. decipiens (C. Massal.) Schiffn. as a synonym of the 
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pantropical M. ciliata Raddii. We could not locate the holotype in UPS or S and follow So (2004) in treating 
M. capensis as a synonym of M. furcata. The relationship between the closely related M. furcata and M. ciliata 
needs further investigation. 

Veltman and Potgieter (2000) described a new species, M. nicomariei Veltman & Potgieter, which was later 

reduced to synonymy under M. furcata by So (2004). 

Metzgeria furcata is a very variable species and is easily confused with M. madagassa. This species is recognized 
by its non-tapering branches, costa of 2 or 3 dorsal and and 2 or 3(or 4) ventral cells, marginal hairs usually 
single, rarely paired (less than 5%). 

A phylogeographical study by Fuselier et al. (2009) identified three distinct lineages of M. furcata in Europe and 
North America. However, until southern Hemisphere material are studied, we follow So (2004) in recognising 
M. furcata as a variable species with a subcosmopolitan distribution. 

3. Metzgeria leptoneura Spruce, Transactions and Proceedings of the Botanical Society of Edinburgh 15: 555 
(1885); So, New Zealand Journal of Botany 42: 278 (2004). Fig. 5 

Type: Peru: In monte Campana andinum, Spruce s.n. (holotype: MANCH 19520!; isotypes: F, G17844, W). 

Plants light green to yellowish. Thallus (10-)20-60 mm long, 0.5-1.2(-2) mm wide; distinctly convex, may 
look almost tubular; green to yellowish green; branches irregular or sparingly dichotomous, sometimes arising 

ventrally on thallus; apex obtuse, furcate; margins strongly recurved; costa c. 0.1 mm wide, prominent on both 
faces, 2 dorsal, 2 or 3 ventral and (10-)20-24 medullary cells in 3 or 4 rows; wing strongly incurved, (9-) 15-20 
cells wide from costa to margin, dorsal face nude; laminal cells 20-65 pm long, 16-60 pm wide, hexagonal or 
polygonal, trigones lacking or very small; hairs paired, straight to distinctly curved, on thallus margins, ventral 
face of thallus and ventral costa, c. 0.06-0.3 mm long. Gemmae occasional, 0.03-0.2 mm wide, flat, oblong to 
sub-linear, formed from thallus margins. 

Dioicous. Male branches c. 0.2x 0.4 mm, globose or subglobose, nude; female branches broadly obovate, rotund- 
ovate, 0.2-1 mm long, 0.1-0.2 mm wide, hairy; calyptra pyriform, hairy, hairs c. 0.4 mm long. 

Distribution and ecology: In southern Africa, Metzgeria leptoneura is only known from Mariepskop on the 
Drakensberg escarpment of Mpumalanga Province of South Africa. (Fig. 2). In the rest of Africa and surrounding 
islands it is known from Bioko, Cameroon, Democratic Republic of Congo, Equatorial Guinea, Guinea, Kenya, 
Madagascar, Malawi, Mauritius, Niger, Nigeria, Principe, Reunion, Rwanda, Sao Tome, Seychelles, Tanzania, 
Uganda and Zimbabwe (So 2004, Wigginton 2009). Metzgeria leptoneura is a subcosmopolitan species and 
grows in montane forests, against stream banks, on moist rocks, in shade or direct sunlight at elevations 
of 1470-1500 m. It sometimes grows mixed with other bryophytes e.g. Polytrichum commune Hedw. and 
Hookeriopsis utacamundiana (Mont.) Broth. 

Specimens examined: MPUMAEANGA: Pilgrims Rest, Mariepskop, near dam, in Klaserie River, 2430DB, 
Vorster 573 (PRE); Pilgrims Rest, Mariepskop, along concrete road between forestry station and summit, 
2430DB, Vorster 826 (PRE). 

Additional specimens examined: BIOKO: Monkemeyer s.n. (BM). CAMEROON: Dusen 412, 652, 1297; 
Junguen s.n., Preuss s.n. (BM). DEMOCRATIC REPUBLIC OF CONGO: Loango Coast, Micholitz s.n. (BM). 
KENYA: Allan s.n. (BM, isotype of M. allanii Stephani, treated as a synonym of M. leptoneura by So, 2004), 
Allan s.n. (GO 10249, holotype of M. allanii), Allan s.n. (G101248, paratype of M. allanii). MADAGASCAR: 
Berthieu s.n. (G12854, lectotype of M. renauldii Stephani, treated as a synonym by So, 2004), Dr Berson 298 
(G12853), Borgen s.n. (BM), Sikora s.n. (BM). NIGER: Monkemeyer s.n. (BM). PRINCIPE: Quintus s.n. (BM). 

SAO TOME: Preuss s.n. (BM),Moller s.n. (BM). PERU: Spruce s.n. (MANCH 19520). 

Notes: Metzgeria leptoneura is distinguished by its distinctly convex thallus and abundant, distinctly curved, 
paired marginal and ventral costal hairs. 
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Fig. 5. Metzgeria leptoneura Spruce: A, thallus; B, marginal and ventral coastal hairs; C, cross section of costa; D, laminal 

cells; E, ventral surface of thallus with male branchlets; F, ventral thallus surface with female branchlets; A, E from Vorster 

573 (PRE); C, D, F from Vorster 826 (PRE). 



184 Telopea 18: 177-184, 2015 Phephu and van Rooy 

Acknowledgments 

We would like to thank Mr Alpheus Mothapo (PRE) for coordinating the loans for the revision of southern 

African Metzgeriaceae, Mr Katleho Mofolo (PRE) for making the image plates, Mr Thabo Masupa (PRE) for 
making the distribution maps, Dr Denise da Costa (RB) for hosting one of us (Nonkululo Phephu) at her 
herbarium and allowing us to examine the material, and the following herbaria for allowing us to examine 
their specimens: BM, BR, G, MANCH, PRE, RB, S, UPS and YPM. 

References 
Arnell, S (1963) Hepaticae of South Africa. Swedish Natural Science Research Council, Stockholm 
Edwards D, Leistner OA (1971) A degree reference system for citing biological records in southern Africa. 

Mitteilungen der Botanischen Staatssammlung Miinchen 10: 501-509 
Ellis LT, Aleffi M, Asthana AK, Srivastava A, Bakalin VA, Batan N, Ozdemir T, Bednarek-Ochyra H, 

Borovichev EA, Brugues M, Cano, MJ, Choi SS, De Beer D, Eckstein J, Erzberger P, Fedosov VE, 

Ganeva A, Natcheva R, Garcia CA, Sergio C, Garilleti R, Albertos B, Puche F, Giicel S, Pliguchi M, 
Elugonnot V, Hylander K, Kirmaci M, Aslan G, Koponen T, Lara F, Mazimpaka V, Van Melick H, Muller 
F, Ozenoglu Kiremit, H, Papp B, Szurdoki E, Plasek V, Cihal L, Van der Pluijm A, Poponessi S, Mariotti 
MG, Reyniers J, Sabovljevic MS, Sawicki J, Smith VR, Stebel S, $tefanut S, Sun B-Y, Vana J, Venanzoni 

R (2014) New national and regional bryophyte records 40. Journal of Bryology 36 (3): 223-244 
http://dx.doi.Org/10.1179/1743282014Y.0000000115 

Fuselier L, Dadison PG, Clements M, Shaw B, Devos N, Heinrichs J, Hentschel J, Sabovljevic M, Szoveenyi P, 
Schuette S, Hofbauer W, Shaw AJ (2009) Phylogeographic analyses reveal distinct lineages of the liverworts 
Metzgeria furcata (L.) Dumort. and Metzgeria conjugata Lindb.(Metzgeriaceae) in Europe and North 
America. Biological Journal of the Linnean Society 98.4: 745-756 

Grolle, R. & So, M. L. 2002. Typification of three old names of Metzgeria species (Hepaticae): Jungermannia 
furcata L. 1753,/. linearis Sw. 1788 and J.pubescens Schrank 1792. Cryptogamie Bryologie 23:119-121 

Hodgetts NG, Matcham HW, Duckett JG (1999) Bryophytes collected in Lesotho, the Natal Drakensberg and 
the Orange Free State, southern Africa. Journal of Bryology 21:133-155 

Kuwahara Y (1983) Metzgeria decipiens (Mass.) Schiffn. (Hepaticae), with a wide geographical distribution. 
Nova Hedwigia 38: 603-616 

Mucina L, Rutherford MC (eds.) (2006) The vegetation of South Africa, Lesotho and Swaziland. Strelitzia 19. 
South Africa National Biodiversity Institute, Pretoria, South Africa 

Perold SM (2006) Hepatophyta. In Germishuizen G, Meyer, NL, Steenkamp Y, Keith M (eds). A checklist of 

South African plants. Southern African Botanical Diversity Network Report No. 41. SABONET, Pretoria 
Phephu N, van Rooy J (2011) Note on the occurrence of Metzgeria saxbyi in southern Africa. Journal of 

Bryology 33: 85 http://dx.doi.Org/10.1179/1743282010Y.0000000013 
Phephu N, van Rooy J (2013) Studies in the liverwort family Metzgeriaceae (Metzgeriales) from southern 

Africa. 1. Metzgeria nudifrons Stephani and a key to the species. Polish Botanical Journal 58 (2): 449-455 
http://dx.doi.org/10.2478/pbj -2013-0045 

Phephu N, van Rooy J (2014) Studies in the liverwort family Metzgeriaceae (Metzgeriales) from southern 
Africa. 2. The African species. Telopea 17: 311-318 http://dx.doi.org/10.7751/telopea20147839 

So ML (2002) Metzgeria (Hepaticae) in Australasia and the Pacific. New Zealand Journal of Botany 40:603-627 
So ML (2004) Metzgeria (Metzgeriaceae, Marchantiophyta) in Africa. New Zealand Journal of Botany 42:271-292 

http://dx.doi.org/10.1080/0028825X.2004.9512904 

van Rooy J, Van Wyk AE (2010) The bryofloristic regions of southern Africa. Journal of Bryology 32: 80-91 
http://dx.doi.org/10.1179/037366810X12578498136039 

van Rooy J, Van Wyk AE (2011) The bryofloristic elements of southern Africa. Journal of Bryology 33: 17-29 
http://dx.doi.Org/10.1179/1743282010Y.0000000007 

Wigginton MJ (2009) Checklist and distribution of the liverworts and hornworts of sub-Saharan Africa, 
including the East African Islands. Tropical Bryology Research Report 8:1-116 

Manuscript received 21 March 2015, accepted 23 July 2015 



Volume 18: 185-186 

Publication date: 3 August 2015 

dx.doi.org/10.7751/telopea9033 

Telopea 
Journal of Plant Systematics 

The Royal 
Botanic Gardens 

& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

Indigofera schrirei, a new name for Indigofera torulosa 
Hook. & Arn. (Leguminosae). 

Ramalingam Kottaimuthu1 and Natarajan Vasudevan 

Department of Botany, Saraswathi Narayanan College, Madurai-625 022, Tamil Nadu, India. 

Author for correspondence: kottaimuthu@yahoo.co.in 

Abstract 

Indigofera schrirei is proposed as a replacement name for I. torulosa Hook. & Arn. because the latter is a later 
homonym of I. torulosa E. Mey. 

Introduction 

While working on the flora of North America project, Rydberg (1923) proposed the new name Indigofera 
constricta Rydb., for Indigofera torulosa Hook. 8c Arn. (1838), which is a later homonym of I. torulosa E. Mey. 
(1836). However for a long time it was not noticed that the replaced name, Indigofera constricta Rydb., is 
also illegitimate and a later homonym of Indigofera constricta (Thwaites) Trimen (1885). According to the 
International code of Nomenclature, Art 53.1, no two species under a genus can have the same name, if they 
have, then the later published one is considered as a later homonym (McNeill et al. 2012). Hence we propose 
Indigofera schrirei as the replacement name for Indigofera torulosa Hook. & Arn. 

Nomenclature 

Indigofera schrirei R. Kottaimuthu & N. Vasudevan, nom. nov. 

Replaced synonyms: Indigofera torulosa Hook. & Arn., Botany of Captain Beecheys Voyage 286 (1838), nom. 
illeg., non Indigofera torulosa E. Mey., Commentariorum de Plantis Africae Australioris 105 (1836). 

Indigofera constricta Rydb. North American Flora 24(3): 145 (1923) nom. illeg., non Indigofera constricta 
(Thwaites) Trimen, Catalogue of the indigenous and exotic plants growing in Ceylon 23 (1885). 

Type: MEXICO: Herbarium Hookerianum anno 1867, Beechey s.n. (K000500734, image!). 

Etymology: The epithet honours Dr. Brian D. Schrire, Royal Botanic Gardens, Kew (K) for his valuable 
contribution to the knowledge of the genus Indigofera. 
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Abstract 

The name Triunia kittredgei Olde replaces Triunia robusta sensu Foreman (1986) following an invalid 
lectotypification. Triunia erythrocarpa Foreman is transferred to the synonymy of Triunia robusta, correctly 
applied. The lectotypes of T. robusta and T. montana, designated unseen by Sleumer (1955), do not appear 
to have been distributed to NSW. Replacement lectotypes are here designated from among the existing 
isolectotypes. Details of the type collection of Triunia youngiana are clarified. A new key to the genus Triunia 
L.A.S.Johnson & B.G.Briggs and a detailed description of the newly named Triunia kittredgei are provided, as 
well as a nomenclatural synopsis of the genus. 

Introduction 

Helicia youngiana (Moore and Mueller 1864, p. 84) was described from a collection made at Duck Creek on 
the Richmond River, New South Wales. The description concluded with the words ‘Fructus ignoti’. Charles 
Moore was given as the collector. Bentham (1870, p. 406) transferred Helicia youngiana to Macadamia F.Muell. 
F.M. Bailey (1892, p. 26) completed the diagnosis with a description of the fruit from a plant at Eumundi, 
south-east Queensland. C.T. White (1933, p. 23) followed Moore and Mueller in treating this species as Helicia 
youngiana and treating Benthams Macadamia as a synonym. White also recognised that Helicia youngiana 
comprised three varieties, the autonymic var. youngiana, var. montana C.T.White and var. robusta C.T.White. 
He cited the following syntypes for var. robusta ‘Maroochy (most southerly record), F.M. Bailey, J. Low. Yandina 
Eumundi, F.M. Bailey J.F. Bailey J.H. Simmonds, J.B. Staer. East Malanda, Atherton Tableland, alt. 700 m., 
common in rain-forest, S.F. Kajewski, no. 1219 (flower buds), Sep 22, 1929’. White also cited two syntypes 
for Helicia youngiana var. montana: Bellenden Ker, Palm Camp, F.M. Bailey (Meston’s Bellenden Ker Exped. 

1889); Bellenden Ker (near the summit), C.T. White, Jan 1923. He, however, did not cite herbaria in which the 
specimens were held. 

Sleumer (1955, p. 8) divided Helicia into three sections. Helicia youngiana was nominated as the type of his 
Sect.l Macadamiopsis, distinguished in his species conspectus by its inflorescence with involucral bracts; 
perianth slightly curved, the three lower segments longer coherent, the upper segment less revolute; leaves 
very often 3- or 4-verticillate. Sleumer (1955, p. 15) designated the syntype specimen S.F. Kajewski 1219 at 
NSW (haud vidi) as the lectotype. He also lectotypified H. youngiana var. montana with the syntype collected 
by C.T. White (also at NSW and not seen). 

© 2015 Royal Botanic Gardens and Domain Trust 
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L.A.S. Johnson and B.G. Briggs (1975, p. 175) recognised Helicia Sect.l Macadamiopsis Sleumer as a distinct 
genus (Triunia) and typified it with the newly combined Triuniayoungiana (C.Moore & F.Muell.) L.A.S. Johnson 
& B.G.Briggs. The genus was superficially characterised in their generic etymology: ‘The name is derived from 
the Latin (alluding to the perianth in which three tepals are coherent to a higher level than the fourth)’. Although 

Johnson and Briggs (1975) suggested that there were three species ‘in tropical and subtropical eastern Australia, 
they did not describe any additional taxa. At that time Triunia youngiana was the only described species, but 
they classified Triunia in its own monospecific subtribe Triuniinae L.A.S.Johnson & B.G.Briggs, within their 
new tribe Helicieae L.A.S.Johnson 8c B.G.Briggs, differentiating it (ibid. p. 173) from their other two subtribes 
(subtribe Hollandaeinae L.A.S.Johnson 8c B.G.Briggs and subtribe Heliciinae L.A.S.Johnson 8c B.G.Briggs) by 
its lack of peduncles and floral bracts, its zygomorphic flowers by virtue of its style and perianth curved, three 
of its tepals longer coherent than the less strongly revolute rear one, its two ovules hemitropous and laterally 
inserted, its indehiscent, fleshy fruits and by its seed being solitary, thick and unwinged. 

Foreman (1986, pp 195-196) transferred C.T. White’s varieties of Helicia youngiana to Triunia and recognised 
them as the distinct species T. robusta (C.T.White) Foreman, and T. montana (C.T.White) Foreman. 
Subsequently, Foreman (1987, p. 302) described the new species T. erythrocarpa Foreman. 

In the most recent suprageneric cladistic classification of the Proteaceae based on a supertree analysis of 
molecular phylogenetic trees, Weston and Barker (2006) placed Triunia in their Tribe Roupaleae Meisner along 
with subtribe Heliciinae L.A.S.Johnson 8c B.G.Briggs in which subtribe Hollandaeinae had been incorporated, 
plus additional subtribes. However, they were unable to further classify Triunia to subtribe, treating it as one of 
several genera incertae sedis, noting also (ibid. p. 325) that ‘it would not be surprising if future discoveries also 
demonstrated our Roupaleae to be polyphyletic, thus necessitating further taxonomic change at tribal level. 
However, our Roupaleae is better supported than alternative tribal circumscriptions in this part of the family, 
given available evidence’. Subsequently, the supermatrix analyses of Sauquet et al. (2009) corroborated the 
monophyly of the tribe Roupaleae with high parsimony bootstrap support (92%) and a significant Bayesian 
posterior probability (PP=1.0). 

The recognition of C.T. White’s varieties of Helicia youngiana as a distinct species by Foreman (1986), 
foreshadowed by Johnson and Briggs (1975), is followed here. The taxa are nonetheless sometimes difficult 
to distinguish using dried specimens alone and a thorough comparative study of the morphology of all taxa, 
which is outside the scope of this paper, is recommended. 

Herbarium specimens held at CANB, NSW and images on JSTOR were used in the construction of the key to 
species and in the delimitation and description of Triunia kittredgei. 

Morphology 

Phyllotaxis in Triunia is described as pseudoverticillate because the ‘whorls’ are really just very crowded 
bunches of spirally inserted leaves. Each pseudoverticel consistently ends a seasonal growth unit and the lowest 
leaf of a pseudoverticel is often separated from the other leaves by a very short but visible internode. A very 
similar mode of growth is found in Eidothea except that there the long, leafless sections of stem at the base 

of each SGU bear spirally inserted, minute cataphylls. At the end of each seasonal growth unit, just above 
the pseudoverticel, several cataphylls enclose the dormant apical bud. The cataphylls are subtended by leaf¬ 
like bracts rather than bractiform leaves. In cases where the apical bud develops into an inflorescence, those 
cataphylls grow in size and develop into involucral bracts, not leaves concordant with those in the pseudowhorl 
below them. 

Venation terminology follows Hickey (1973). 

There are three aspects to floral orientation; orientation of the carpel with respect to the inflorescence axis; 
orientation of the flower with respect to its twin; and orientation of the carpel with respect to its own axis. 
Douglas and Tucker (1996) outline a precise terminology of floral orientation in the Grevilleoideae. According 
to them (ibid., p. 377), in Triunia robusta (as T. erythrocarpa),‘the carpel cleft faces the lateral tepal closest to 
the primary inflorescence axis. The carpel thus has ‘lateri-axial orientation, in which “the dorsiventral plane of 
the carpel is aligned on the median frontal plane of each flower and the carpel cleft faces the lateral tepal on 
the primary inflorescence side.” The terminology is applicable to all Triunia species. The flowers of each pair 

diverge at an acute angle from each other, with the axis of curvature of their styles (i.e. the dorsiventral axis of 
the carpel) parallel to the primary conflorescence axis. The table Al (ibid., p. 396) also indicates that the carpel 
primordia have terminal inception i.e. the floral apex is converted completely into the carpel and the floral 
apex/carpel primordium aspect ratio ranges from 0.89 to 0.93. Grevilleoid flower pairs render the concepts 
adaxial and abaxial sides of the flower problematic. The side of the flower that might be called adaxial is 
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actually one of the lateral sides. It is only adaxial with respect to the common bract and primary conflorescence 
axis, not to the suppressed floral bract and uniflorescence axis. 

Triunia flowers can reasonably be described as ‘bilabiate’, consisting of a free tepal and a partly fused tri- 
connate tepal structure which is here termed a labellum. The proximal half of the labellum has three midline 
staminal filaments which are mostly adnate to the tepal but very conspicuously raised. The adaxial surface 
of the perianth has previously been described as glabrous. However, erect hairs emergent in the interstices 
between the filaments, i.e. in the proximal half of the labellum, show this to be incorrect. 

Revised key to species of Triunia 

1 Abaxial lamina of adult leaves with a sparse indumentum of appressed hairs; adaxial surface of leaves sub- 
bullate; involucral bracts c. 3 mm long, glabrous on the adaxial surface; mature fruits 12-15 mm diam. 
.1. T.youngiana 

1* Abaxial lamina of adult leaves glabrous (hairs restricted to midvein or absent); adaxial surface of leaves 
smooth, not or rarely sub-bullate; involucral bracts > 5 mm long, hairy on the adaxial surface; mature fruits 
mostly >15 mm diam. 

2 Mature fruits red; adult leaves sparingly toothed or entire; hairs quickly evanescent from the abaxial 
surface of juvenile leaves 

3 Adaxial surface of leaves not blotchy green in vivo, olive green when dry and with raised asperities 
and impressed dimples evident, the reticulum obscure; involucral bracts with a dense, appressed 
ferruginous indumentum on the adaxial surface; habit a tree (5-) 10-20 m high.2. T. robusta 

3* Adaxial surface of leaves blotchy green in vivo, dark green when dry, smooth, with reticulum evident 

to slightly raised; involucral bracts with a moderately sparse indumentum on the adaxial surface; 
habit a multi-stemmed shrub to 4 m.3. T. kittredgei 

2* Mature fruits black, maroon or purple; adult leaves entire; hairs long persistent along the midvein on the 
abaxial surface of leaves.4.T. montana 

Taxonomy 

Triunia L.A.S.Johnson & B.G.Briggs, Botanical Journal of the Linnean Society 70:195 (1975). 

Replaced synonym: Helicia sect. Macadamiopsis H.O.Sleumer, Blumea 8: 8 (1955). 

Type designated: Triunia youngiana (C.Moore & F.Muell.) L.A.S.Johnson & B.G.Briggs. 

Triunia youngiana (C.Moore & F.Muell.) L.A.S.Johnson & B.G.Briggs, Botanical Journal of the Linnean Society 
70:195 (1975). 

Helicia youngiana C.Moore & F.Muell. in F. Muell. Fragmenta phytographiae Australiae 4: 84 (1864). 

Macadamia youngiana (C.Moore & F.Muell.) Benth., Flora australiensis 5: 406 (1870). 

Helicia youngiana var. youngiana C.T. White, Contributions from the Arnold Arboretum of Harvard University 
4: 23 (1933) (as Var. typica) 

Type citation: [New South Wales] Ad amnem Duck Creek fluminis Richmond River. C. Moore. 

Holotype: New South Wales: North Coast: Duck Creek, Richmond River: Richards 4, anno 1863 MEL93852A 
(photo seen). 

Notes: According to the protologue, the type of Triunia, T. youngiana, was collected by or sourced from Charles 
Moore. Sleumer (1955, p. 15) cited Moore 4’ (MEL) as the type and indicated that there was a syntype at K. The 
existence of this specimen needs corroboration because it is not currently listed among the type specimens 
held at K. There is no specimen of Triunia youngiana at MEL collected by Moore with the collection number 4. 
Although Sleumer (1955) cited Moore 4 as the type of H. youngiana, he annotated a specimen collected in 1863 
by Richards, (Richards 4, MEL93852A) as the ‘holotype’. Foreman subsequently confirmed this specimen as 
the holotype (with a determinavit slip dated 23 July 1986). To this annotated specimen also is attached a label 
written by C. Moore disavowing himself as collector, which states ‘No. 4. Richmond River, Richards 1863. This 
was not observed by me. It was found in Duck Creek, so prolific in Proteaceous plants’. Note that there is a 
collection number 4 collected by Moore (MEL565777) that is a residual syntype (paralectotype) of Endiandra 
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discolor Benth. Although C. Moore is given as the first author of Helicia youngiana, I believe that Mueller 
accorded this honour out of deference to Moore’s position as government botanist and director of the Botanic 
Gardens in Sydney. Although Moore may have recognised the specimens supplied as an undescribed species, 
he is not known to have published any species description and, according to his biographer (King 1974) had 

an intense hatred of writing. Richards is here accepted as the collector of the type of Triunia youngiana. He is a 
mysterious figure, known only from his few collections deposited at MEL. George (2009) provides no further 
biographical information. 

The specimen of Helicia youngiana collected by Charles Moore in 1868 ‘from Richmond to Tweed River in 
thick brushes’ (BM915589) was erroneously labelled as an isotype by Sleumer. However, it is not type material. 

Morphological comparisons: Triunia youngiana can be differentiated by its leaves generally smaller (5-13 mm 
long, 3-3.5 cm wide), with numerically more teeth (1-9) distributed mostly in the distal half, conspicuously 
sub-bullate on the adaxial surface, sparsely hairy on the abaxial leaf blade, and by its smaller fruits 12-15 mm 
diam. It generally has a smaller perianth (c. 15 mm long including the limb), is more densely hairy on the 
abaxial surface and has pistils 15-17 mm long. It has ovate bracts about the same length as their width (3 mm 
x 2.5 mm). Triunia youngiana is the only Triunia species distributed in New South Wales, but it also occurs in 
the McPherson Range and as far north as Southport, in southern Queensland, where its leaves are mostly at the 
larger end of the spectrum (up to 14 mm long and up to 5 cm wide). This tendency did not appear to justify 
any formal taxonomic recognition. 

Triunia robusta (C.T.White) Foreman, Muelleria 6: 196 (1986). Fig. 1. 

Basionym: Helicia youngiana var. robusta C.T.White, Contributions from the Arnold Arboretum of Harvard 
University 4: 23 (1933). 

Protologue: Rachis et pedicelli subdense pilis brevibus induti. Perulae ciliatae in facie glabrae. Folia usque ad 
20 cm longa et 5.5 cm lata. [Trans. Rachis and pedicels with a moderately dense indumentum of short hairs. 
Bracts ciliate glabrous on the surface. Leaves up to 20 cm long and 5.5 cm wide]. 

Type citation: [Queensland] ‘Maroochy (most southerly record), F.M. Bailey, J. Low. Yandina Eumundi, 
F.M. Bailey, J.F. Bailey, J.H. Simmonds, J.B. Staer. East Malanda, Atherton Tableland, alt. 700 m., common in 
rain-forest, S.F. Kajewski, no. 1219 (flower buds), Sept. 22,1929’. 

Lectotype designated by H.O. Sleumer, Blumea 8:15 (1955): [Queensland] East Malanda, Atherton Tableland, 
alt. 700 m., common in rain-forest, S.F. Kajewski, no. 1219 (flower buds), Sept. 22 1929 (NSW - ‘lecto-typus, 
haud vidi’); isolectotypes cited by Sleumer (ibid.): A589471; B; K; NY; S-G7589; isolectotypes not cited and 
presumably not seen by Sleumer: BRI-AQ317458; MEL2277218A. 

Lectotype/ide Foreman, Muelleria 6:196 (1986): lectotypus superfl. 

Replacement lectotype (here designated): Queensland: Cook: Malanda, Atherton Tableland, S.F. Kajewski 1219, 
22 Sep 1929 (BRI-AQ317458 - photo seen); isolecto: A589471 (photo seen); B (n.v.); K (n.v.); MEL2277218A 
(n.v.), NY (n.v.); S-G7589 (photo seen). 

Residual syntypes: F.M. Bailey, J. Low, J.F. Bailey, J.H. Simmonds, J.B. Staer (all cited fully under Triunia 
kittredgei). 

Triunia erythrocarpa Foreman, Muelleria 6: 302, fig. 3 (1987). 

Holotype: Queensland: Cook: State Forests Reserve 310, Swipers Logging Area. B. Hyland 6919, 8 Oct 1973 
(QRS82569 - photo seen); isotypes: BRI-AQ118621 (photo seen); NSW621510; QRS38142 (photo seen); 
QRS82567 (photo seen); QRS82568 (photo seen). 
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Fig. 1. Triunia robusta. Fruiting branchlet showing the bright red globular fruits. Note the leaf pitting and asperities. Photo. 

Garry Sankowsky. 

Notes: In lectotypifying Helicia youngiana var. robusta with the syntype specimen collected by Simmonds, 
Foreman (1986) apparently overlooked the earlier lectotypifications by Sleumer (1955). The question of 
whether Sleumer s lectotypifications are valid must be first addressed, since he cited specimens he did not see 
and gave the location of the lectotype as NSW that has no record of receiving this material. The International 
Code of Nomenclature for algae, fungi, and plants (Melbourne Code) (McNeill et al. 2012), does not require a 
lectotype to be seen by its designator. However, if the lectotype is effectively lost, under Article 9.11, a lectotype 
as a substitute for it may be designated and the order of precedence in Article 9.12 states that an isotype must 
be chosen if such exists.’ 

Sleumer published a distribution list for each lectotype/isolectotype but it remains unclear whence he adduced 
this information since White did not formally list the distribution of specimens in the protologue, and the 
isolectotypes themselves do not have distribution data. 

The syntypes of Helicia youngiana var. robusta represented by Kajewski 1219 and Simmonds s.n. belong to 
different species of Triunia as recognised by Foreman but in citing the lectotype of Helicia youngiana var. robusta 
among the examined specimens of his new Triunia erythrocarpa, Foreman (1987) effectively synonymised it 
under Triunia robusta, thereby invalidating his new name. The species represented by Foremans lectotype 
(Simmonds s.n. from the Maroochy catchment) thus remains effectively unnamed and is here described as 
Triunia kittredgei Olde. Triunia robusta is the name applicable now to one of two species of Triunia in far 
north-east Queensland. 

Although Sleumer saw duplicates of Kajewski 1219, he cited as lectotype a specimen at NSW that he had not 
seen and which cannot now be found. It seems likely that a duplicate of this collection was never sent to NSW 
and that Sleumer simply assumed its existence. At least two specimens of Kajewski 1219 (at A and S) have been 
labelled as ‘lecto-isotype’ by Sleumer. The Queensland Herbarium (BRI) specimen of Kajewski 1219 has been 
chosen as the lectotype because this was available to C.T. White when he was preparing the protologue. 
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Morphological comparisons: Triunia robusta differs from T. kittredgei in the adaxial surface of its leaves 
which when dry, are olive green and usually both dimpled and with raised asperities visible, and with obscure 
reticulum. In vivo, they are neither noticeably sub-bullate nor blotchy in colouration. In his description of 

its synonym T. erythrocarpa, Foreman (1987) indicated its leaf length ranges from 6.5-10 cm, which would 
clearly distinguish it from T. kitteredgei, but several specimens have been seen in this overview with leaves up 
to 15 cm long. Cooper and Cooper (2004, p. 611) record them up to 19 cm long, substantially overlapping the 

length range of T. kittredgei. Triunia robusta has involucral bracts that are wider (c. 5 mm wide), not much 
acuminated at the apex, and with a dense ferrugineo-sericeous indumentum on the adaxial surface which 
Foreman (1987) described as Velutinous’. Its common bracts are early caducous. Both species have red fruits 
but those of T. robusta are usually described as ‘bright’. Triunia robusta also has ferrugineo-tomentose new 
growth that soon becomes glabrous and green. It is distributed in north-east Queensland in rainforest below 
1200 m usually in well-developed upland and montane rainforest and is recorded growing in red soils derived 
from basalt and forms a tree 10-20 m high under natural conditions. 

Triunia kittredgei Olde, sp. nov. Figs 2,3. 

Triunia robusta sensu Foreman (1986) misapplied. 

Vernacular name: Glossy Spice Bush. 

Diagnosis: Affinis Triuniae robustae sed foliis adaxialiter laevibus, viridibus, reticulo visibile, perulis 
angustioribus (2-3 mm latis) ovatis-acuminatis, adaxialiter sparse sericeis differt. 

Holoype: Queensland: Moreton: Brolga Park, 6 km W ofWoombye, A.R. Bean 2538,27 Oct 1990 (NSW621498!); 
iso: BRI-AQ0501996 (n.v.); MEL1597776A (n.v.). 

A spindly multi-stemmed shrub or small tree 2-4 m high with dark trunk bearing small white corky lenticels, light 
pink when cut. Seedlings with leaves toothed, cataphylls above cotyledons not seen. New growth ferruginous, soon 
glabrous and red, fading ultimately to green. Branchlets terete, ferruginous-pubescent, soon glabrescent; phyllotaxy 
opposite or 3- or 4-pseudo-verticillate, the node often also with cataphylls subtended by leaf-like bracts. Leaves 
with petiole 3-10 mm long, stout, glabrous; lamina elliptic to oblong-elliptic or obovate-cuneate (4.5-)10-21 cm 
long, (1.5-)3.5-7.2 cm wide, glabrous, base cuneate; margin usually entire, sometimes with 2-4 coarse, irregularly 
spaced, shallow teeth near apex, often sinuous; apex obtuse to retuse, more usually acute or attenuated into a short 
drip tip; leaf surfaces discolorous; abaxial surface glabrous, dull, a few evanescent ferruginous hairs when young, 
the midvein protuberant to prominent in the proximal two-thirds, gradually becoming narrower and much less 
prominent distally, the higher order venation more prominent than on the adaxial surface; adaxial surface glossy, 
smooth, often sub-bullate, light green to mid-green, blotchy in vivo, midvein impressed, secondary and higher 
order venation including anastomosing reticulum evident to prominent, dark green; venation brochidodromous; 

texture coriaceous. Conflorescence 6-10 cm long, 3-4 cm wide, erect, cylindrical, simple, sessile, terminal, loose, 
acropetal; buds ovoid, imbricate; involucral bracts 5-10 mm long, 2-3 mm wide, persistent, ovate-acuminate, 
margin ciliate, with abaxial surface openly sericeous, glabrescent, and adaxial surface variable, sometimes 
sericeous on distal third and with a mid-line longitudinal strip of appressed, ferruginous hairs, sometimes only 
a few scattered hairs; common bracts persistent to just before anthesis, falling acropetally, otherwise similar to 
involucral bracts; floral rachises densely sericeo-tomentose, with a slightly raised outgrowth below each flower 
pair. Flowers in grevilleoid pairs, adaxially oriented with respect to conflorescence axis, ascending to subpatent, 
perfumed, pedicellate; pedicels 4.5-8 mm long, 0.6 mm wide, densely subsericeous, hairs ferruginous, sometimes 
intermixed with cream-coloured hairs; torus c. 1 mm across, squarish, transverse; hypogynous glands 2-3 (-?4), 
oblong, erect, adaxial, free, rising c. 0.5 mm above torus; pistils (18-)22-24 mm long; ovary 1.25 mm long, sessile, 
with a dense ferruginous indumentum of straight ascending to erect basifixed hairs; ovules 2, hemitropous; style 
0.4 mm wide, wiry, exserted between abaxial or adaxial and lateral tepals, through a suture below the limb before 
anthesis, incurved, sparsely ferrugineo-pubescent in the proximal third, the hairs c. 0.2 mm long, glabrous distally; 
pollen-presenter 1 mm long 0.75 mm wide,rhomboidal, swollen, glossy; stigma subterminal;perianth (16-)22 mm 
long, 1.5 mm wide at base, 1.8 mm wide about middle, 0.5 mm wide below limb, zygomorphic, oblong-ovoid, 
longitudinally indented between tepals, dilated slightly about middle, sparsely to moderately densely white-rusty 
subsericeous on abaxial surface below limb, with hairs c. 0.2 mm long; adaxial surface glabrous or a few scattered 
erect hairs on tri-connate tepal labellum in interstices between the conspicuously protuberant filaments adnate to 
midrib of each tepal, filaments alate in proximal half; perianth limb 2.5 mm long, 1.5-2.25 mm wide, discolorous, 
suberect to nodding, ovoid-apiculate, with erect ferruginous hairs extended beyond apex 0.5-1 mm, indumentum 
on limb sparsely to moderately dense interspersed often with glabrous patches; anthers bilocular, with white 
locules, antrorse, basifixed with a short discolorous free filament tip 0.1 mm long, connective brown, apex with 
an apically obtuse oblong apiculum 0.7-0.8 mm long; pollen creamy yellow, triporate. Fruit (fide Bailey 1892; 

Foreman 1986) 25(-45) mm long, 20-25(-38) mm diam., vermilion to reddish, with evanescent short, sparsely 
distributed erect hairs, globose to ovoid with a pointed base and apiculum, follicular, indehiscent, drupaceous, 



A new name for Triunia robusta sensu Foreman misapplied Telopea 18: 187-199, 2015 193 

monospermous; suture prominent; epicarp rugose when dry, outer mesocarp fleshy, inner mesocarp not tightly 

enclosing the seed. Seeds (fide Everist 1981; Bailey 1892) poisonous, subglobose, fleshy, unwinged with thin, felt¬ 
like testa. 

Summary of distinguishing features: Shrubby, multi-stemmed habit to 4 m high.; bark dark, blackish-grey with 
white corky lenticels; largest adult leaves up to 21 cm long, 7.5 cm wide, glabrous, elliptic to oblong-elliptic, 
margin entire or distally 2-4-toothed, adaxial surface dark green along the veins, the intervening lamina usually 
lighter green, glossy, sometimes sub-bullate, secondary venation and reticulum slightly raised, lamina surface 
discolorous, glabrous; floral indumentum subsericeous; conflorescences sessile, imbricate in bud, involucral 
bracts 5-10 mm long, 2-3 mm wide, ovate-acuminate, ciliate, with a patchy appressed indumentum on adaxial 
surface; common bracts persisting almost to anthesis and falling acropetally; perianth zygomorphic, adaxial 
surface pilose proximally (between raised alate filaments adnate to tepal midribs); abaxial surface sparsely 

subsericeous; ovary rusty villous, sessile; style tomentose in the proximal third, the hairs c. 0.2 mm long; fruits 
red, 20-38 mm diameter. 

Fig. 2. Triunia kittredgei. Flowering branch showing leaves, inflorescence and flowers. Note the distinctive blotchy 

appearance of the leaves. Photo. Hugh Nicholson. 
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Notes: The fruit size for Triunia kittredgei, given by F.M. Bailey (1892) (as Macadamia youngiana misapplied) 
attaining 1 % in. [44.5 mm] long and 1 Vi in. [38 mm] diameter was based on Trait specimens’from‘Eumundi’but 
has not been corroborated by subsequent collections. The fruit size provided by Bailey is here accepted because 
of the exactness of the mensuration (to the % inch) and because substantial clearing of the Eumundi-Yandina 
scrubs has mitigated against any corroboration. The argument by Foreman (1987) that his T. erythrocarpa is 
distinguished in part by its fruits at 3.5 cm maximum diameter being maximally larger than those of all other 
species including T. robusta, is not supported and differentiation on this character is regarded as doubtful. 

Distribution: South-east Queensland, mainly in the Maroochy River catchment, between Pomona and 
Woombye, covering a road distance of approximately 40 km. 

Phenology: Flowering has been recorded in October and November. Fruits have been collected in March and 
May. Flowers are sweetly perfumed, white, the perianth limb green when young, ageing to creamy yellow, rusty- 
hairy, the anthers creamy with brown free filament and apiculum, the style green to red. 

Fig. 3. Triunia kittredgei. Infrutescence showing vermilion to reddish fruits of a cultivated plant (as T. robusta), at the 

Wollongong Botanic Garden, New South Wales. Photo. Black Diamond Images. 

Habitat and ecology: The Commonwealth Department of Environment (2008) states that T. kittredgei, under 
the name Triunia robusta, grows in the lower stratum of subtropical rainforest where it mainly occurs in 
notophyll vine forest or in mixed tall open forest developing a rainforest understorey in the absence of fire 
(Powell et al., 2005). Most populations occur within 25 m of streams, on south or south-east facing slopes or 
river terraces, with a few populations at higher topographic positions away from watercourses (Powell et al., 
2005). It occurs on well-drained soil, either clayey sand, loamy sand or loams, derived from felsite substrate, 
alluvium or arenite mudrock (Shapcott, 2002; Powell et al, 2005)’. Associated species recorded on label data 
include Alchornia ilicifolia, Archontophoenix cunninghamii, Argyrodendron trifoliata, Arytera divaricata, 
Elaeocarpus eumundi, Canarium sp.,Castanosperma australe, Dysoxylum rufum, Drypetes deplanchei, Harpullia 
pendula, Lophostemon confertus, Planchonella sp., Pseudoweinmanniana sp., Wilkea macrophylla; Vines: Cissus 
antarctica, Embelia australiana. The altitudinal range is generally just above sea-level to 200 m. 

Conservation status: Triunia kittredgei, under the name Triunia robusta, is listed as endangered’by ALA (2015) 
and the Commonwealth Department of Environment (2008). Foreman (1986) suggested the possibility that this 
species was extinct but later (1995) revealed the discovery of a population at Woombye. The Commonwealth 
Department of Environment (2008) states that there are 16 known populations with around 900 individual 
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plants, most of which occur in the Noosa Biosphere Reserve. Subsequently plants have been recorded from up 
to 43 sites (K. Kupsch pers. comm.). 

Etymology: The species is named for Walter T. Kittredge, senior curatorial assistant at Harvard University 
Herbaria (A, GH) at the time of writing, who first drew attention to the nomenclatural problem associated 
with Triunia robusta. 

Specimens examined: Queensland: Eumundi, /. F. Bailey s.n., Nov 1900 (A589477; BRI-AQ317470; 
MEL2277219A; MEL2277220A; NSW169006!); J.B. Staer s.n., Oct 1911 (NSW169005!); Brolga Park, 6 km 
W of Woombye, PI.Forster 6145, A.R.Bean & M.C.Tucker, 27 Dec 1989 BRI-AQ467494; CANB!; CBG!; K; 
MEL695274; MEL695275; NE61106; NSW621500!; QRS92961.1.; QRS92962.2); Brolga Environmental Park, 
c. 6 km WNW of Nambour, F.E. Davies 1542 & M. Richardson, 23 Feb 1990 (BRI-AQ517041; CBG9003519!; 
MEL230031; NSW621497!); PI. Forster 7579 & P Sharpe, 17 Nov 1990 (BRI-AQ500702; K; L; MEL1597085; 
NSW621499!; QRS96103); Rocky Road, Kiamba State Forest, A. Moran s.n., 13 Nov 1992 (BRI-AQ549314; 
NSW621496!); 

Other specimens assigned to this species: Queensland: Eumundi, Bailey s.n., May 1892 (BRI-AQ104858); 
Nov 1894 (BRI-AQ317466); J.H. Simmonds s.n., Nov 1892 (A589475; BRI-AQ317462); J.B. Staer s.n., Nov 
1892 (BRI164312/zde Foreman (1986:196); Maroochie [Yandina], EM. Bailey s.n., Nov 1879 (BRI-AQ317456; 
MEL93791A); J.F. Bailey & J.H. Simmonds s.n., Nov 1894 (BRI164313; MEL2277221A); F.M. Bailey s.n., Jul 
1888 (BRI022471; MEL2277223); Nov 1892 (MEL2277217); /. Low s.n., undated (BRI164316; MEL2277222A); 
Eumundi, State Forest 351,4 km SE of Eumundi, A.R. Bean 7073,27 Nov 1993 (BRI-AQ622185); Gold Creek 
Road., N arm 5 km NW of Yandina, L.H. Bird s.n., 2 Jan 1990 (BRI-AQ459391); State Forest Cooloolabin, 
R.T. Henderson s.n., 24 Mar 1994 (BRI-AQ626260); Eumundi-Noosa road, Eumundi, 2.5 km E of Eumundi 
township, J.G. Jeffreys s.n., 23 May 2006 (BRI-AQ737322); Rocky Creek, 3 km W of Wappa Dam near 

Yandina, M. Powell TR16, 26 Sep 2002 (BRI-AQ772239); Triunia National Park, Sunshine Coast, site TR11, 
A. Shapcott s.n., 2000 (BRI-AQ667437); Ringtail State Forest Sunshine Coast, A. Shapcott s.n., Dec 1999 (BRI- 

AQ667440); Cooloolabin State Forest, Sunshine Coast, Rocky Creek, site TR3. A. Shapcott s.n., Nov 1999 (BRI- 
AQ667444); Blackensee Road, Sunshine Coast, site TR4, A. Shapcott s.n., Dec 1999 (BRI-AQ667443); State 
Forest 351, Yandina Creek, c. 12 km NE of Yandina, PR. Sharpe 5010, 5 Apr 1991 (BRI-AQ543240); Yandina 
Creek, Sunshine Coast, site TR8, A. Shapcott s.n., Dec 1999 (BRI-AQ667439); Dulong, G. Thomas MS119, 22 
Jun 2007 (BRI-AQ769018); To wen Mt, Triunia Bushland Conservation Reserve, G. Thomas MS 154, 19 Aug 
2008 (BRI-AQ840760); Garderers Road, S of Bruce Highway, 4 km SW of Pomona, G. Thomas 28, 19 Apr 
1995 (BRI-AQ635588); Pryors Road., Yandina Creek, 6 km SSE of Eumundi, G. Thomas 124, 27 Oct 1992 
(BRI-AQ625346); Wappa Dam, Wappa Pump Station Road, 3.5 km SSW of Yandina, G. Thomas s.n., 18 Jan 
1993 (BRI-AQ636322); Mt Ninderay, Maroochy Shire, G. Thomas 406M, 17 Aug 1999 (BRI-AQ666212); Mt 

Ninderry Environmental Reserve, Sunshine Coast Council, Near Waterfall Road., G. Thomas MTN3, 11 Sep 
2013 (BRI-AQ824775); Blackensee Road Reserve, NW of Cooroy, S of Pomona, G. Thomas 39, 1 Feb 1996 
(BRI-AQ585611); Skyring Creek, Federal. N. Willis s.n., 3 Jul 2012 (BRI-AQ834014). 

Triunia montana (C.T.White) Foreman, Muelleria 6:195 (1986). Figs 4-7. 

Helicia youngiana var. montana C.T.White, Contributions from the Arnold Arboretum of Harvard University 

4:24 (1933). 

Protologue: A typo bracteis 8-10 mm longis differt. 

Type citation: [Queensland] Bellenden Ker, Palm Camp, F.M. Bailey (Mestons Bellenden Ker Exped. 1889); 
Bellenden Ker (near the summit), C.T. White, Jan 1923. 

Lectotype designated by H.O. Sleumer, Blumea 8: 15 (1955): Bellenden-Ker, near the summit: [C.T.]White 
[Jan. 1923] (NSW - ‘typus, haud vidi’ [typus, not seen ]). No isolectotypes were cited by Sleumer. 

Lectotype fide D. Foreman, Muelleria 6:195 (1986): lectotypus superfl. 

Replacement lectotype (here designated): Queensland: Cook: Bellenden-Ker, near the summit, C.T. White s.n., 
Jan 1923 (BRI-AQ317460 - photo seen); isolectotypes MEL2277215A (n.v.); MEL2277216A (n.v.). 

Notes: The lectotype designated by Sleumer cannot be located at NSW and may never have been sent there. 
From an examination of existing isolectotypes and some additional collections listed on ALA website (accessed 
2 June 2015) and JSTOR website (accessed 29-31 May 2015), a replacement lectotype has been selected from 
the material held at BRI that was available to C.T. White. 

Residual syntypes: Bellenden Ker, Palm Camp, F.M. Bailey (Mestons Bellenden Ker Exped. 1889), BRI- 
AQ317454 (photo seen); MEL2277213 (n.v.). 
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Notes: In lectotypifying Helicia youngiana var. montana with the syntype specimen collected by F.M. Bailey, 
Foreman (1986) apparently overlooked the earlier lectotypifications by Sleumer (1955). Fortunately the 
syntypes of H. youngiana var. montana, as recognised by Foreman, do not alter the application of the name of 
this taxon. 

Morphological comparisons: Triunia montana can be characterised by its habitat preference for high altitude 
tropical rain forest above 1500 metres, where it grows on ridges and gullies in sandy, granite-derived soils. 
Morphologically it can be differentiated from T. kittredgei (and T. robusta) by its bright pink new growth, its 
adult leaves always entire and slightly thinner, the margins frequently ciliate, the abaxial surface usually with 
appressed hairs persistent along the midvein, its common bracts narrowly ovate-acuminate and longer (to 
12 mm) and narrower (c. 2 mm wide), its pedicels and floral rachises densely red-tomentose. Triunia montana 
also has cataphylls between the cotyledons and the first true leaves, but, from limited observation, T. kittredgei 

does not. Diagnostically, T. montana also differs in its fruits that range from blackish through purple to maroon 
in colour, though the Australian Tropical Herbarium (2015) also doubtfully record fruit colour as sometimes 
red. Cooper and Cooper (2004, p. 293) depict a maroon fruit. One specimen sheet records fruit colour as 

yellow. The perianth of T. montana also has the adaxial surface with a denser indumentum of longer hairs 
(to 0.5 mm long) located within the interstices created by the raised filaments on the adaxial surface of the 
tri-connate perianth labellum. The stylar hairs appear to be consistently longer (to 0.5 mm) than those of 
T. kittredgei. According to the Australian Tropical Herbarium (2010) ‘terminal buds and young shoots are 
densely clothed in rusty red hairs, which usually persist on the petiole and the midrib on the underside of the 
leaf blade’. Mr Garry Sankowsky (pers. comm.) suggests there are three distinct forms of T. montanadMt. Lewis’ 
pink-flowered form;cMt. Misery’ large-fruited form and the typical cream-flowered form from Mt. Bartle Frere 
in the Bellenden-Ker Range (Figs 3-5). Leaves with at least two teeth persistent have been collected from 
saplings of the Mt Lewis form by I. Telford and R.J. Rudd (CBG9102554). 

Fig. 4. Triuna montana. Flowering branchlets of the pink-flowered form growing at Mt Lewis, Queensland. 

Photo. Garry Sankowsky. 
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Fig. 5. Triunia montana. Flowering branchlets of the typical cream-coloured flowered form growing at Mt Bartle Frere, 

Bellenden-Ker Range, Queensland. Photo. Garry Sankowsky. 

Fig. 6. Triunia montana. Fruiting branchlet showing leaves and the large blackish fruits of the Mt Misery form. 

Photo. Garry Sankowsky. 
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Fig. 7. Triunia montana. Colour variation in fruits. Illustration by W.T. Cooper. Reproduced by permission from Wendy 

Cooper and Nokomis Editions, Fruits of the Australian Tropical Rainforest © William T. Cooper. 
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Abstract 

Two new species of Utricularia (Lentibulariaceae) from the Northwest region of Western Australia. Utricularia 
byrneana R.W.Jobson & Baleeiro and U. wannanii R.W.Jobson & Baleeiro are described as new and are considered 
members of Utricularia subgen. Polypompholyx section Pleiochasia. The distribution and habitat preferences 
of these species are discussed. Two individual taxonomic keys are provided representing the groups in which 
the new species are most likely to be closely related. Specifically, Utricularia byrneana is compared with species 
from Western Australia possessing hollow peduncles namely U. fistulosa P.Taylor and U. tubulata E Muell., 
while U. wannanii is compared to species possessing connate bracts and bracteoles namely U. dunlopii RTaylor, 
U. georgei P.Tayor and U. kimberleyensis C.A.Gardener, as well as close relative U. uniflora R.Br. 

Introduction 

The two species named here possess a two-parted calyx, lack scales on their peduncles, and have bladder-traps with 
a single unbranched dorsal appendage and are therefore considered members of Utricularia subgen. Polypompholyx 
(Lehm.) P.Taylor sect. Pleiochasia Kamienski (Taylor 1989; Jobson et al. 2003; Reut and Jobson 2010). 

Recognition as distinct species is supported by morphological data (this paper), and preliminary molecular 
phylogenetic results (Jobson et al., in prep). Within sect. Pleiochasia, U. byrneana is found to always have a 
hollow peduncle (Figs 1, 2); a synapomorphy for members of the group B’ clade (Reut and Jobson 2010), 
mostly distributed across Northern Australia (Fig. 5). 

Utricularia wannanii is found to have basisolute bracts and bracteoles with the inferior part connate forming 
a sleeve-like structure (Figs 3, 4), a character restricted to three other northern Australian species U. georgei 
P.Taylor (Taylor 1989, fig. 16,p. 124), U. dunlopii P.Taylor (ibid.,fig. 34,p. 164), and U. kimberleyensis C.A.Gardner 

(ibid., fig. 15, p. 122). 

The south east Australian species U. uniflora R.Br. (Taylor 1989, fig. 14, p. 120) was phylogenetically placed 
sister to U. kimberleyensis (Reut and Jobson 2010), and on close examination of the bracts and bracteoles across 
a number of herbarium species, these organs were found to be shortly basisolute, with inferior parts forming 
slight connections towards the base (Jobson pers. observation; Taylor 1989, fig. 14, p. 120). 

© 2015 Royal Botanic Gardens and Domain Trust 
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These two new taxa are herein named and their morphology is compared with related species, for which 
distinguishing characters are discussed and presented in two diagnostic identification keys. This paper also 
provides notes on their distribution and ecology, phenology, and conservation status. Terminology, including 
corolla colour, follows Taylor (1989). 

Methods 

Relevant dried and alcohol-preserved material representing all related species, held at the National Herbarium 
of New South Wales (NSW) and Western Australia Herbarium (PERTH), were examined. Material of 
U. byrneana was examined from fresh and sheet collections, while examination of U. wannanii was performed 
on spirit material of a single collection held at NSW. Seed and pollen were examined using an Olympus CH 
compound microscope (magnification X100). The distribution map presented (Fig. 5) was generated using 
DIVA-GIS 7.1.7 (Hijmans et al. 2005). 

Taxonomy 

Utricularia byrneana R.W.Jobson 8c Baleeiro sp. nov. 

Diagnosis: Similar to U.fistulosa P.Taylor but differs in having leaves lanceolate, corolla mauve with two raised 
yellow ridges at base, corolla spur cylindrical, apex rounded, shorter than lower lip, seeds cylindrical, trap 
dorsal appendage short. 

Type: AUSTRALIA: Western Australia: Dampierland: Taylors Lagoon, E of Broome (17.785°S, 122.893°E), 

30 April 2014, R.W. Jobson 2325 & R Baleeiro (holo: NSW; iso: PERTH). 

Small to medium-sized perennial, terrestrial herb. Rhizoids capillary, simple, up to 15 mm long, tapering from 
0.2 mm thick at base to 0.07 mm near apex, numerous from base of peduncle, rarely with one from node of 
stolon. Stolons few, filiform, hollow, 0.2-0.3 mm thick, up to 30 mm long, internode length 5-7.5 mm long. 
Leaves numerous, few from base of peduncle and in pairs, or sometimes in whorl of four from stolon internodes, 
not obviously petiolate; lamina lanceolate, c. 10-22 mm long, 0.3-0.7 mm wide, hollow near base, single nerve, 
apex acute or rounded. Traps stalked, few at base of peduncle and rarely 1 at nodes of stolon, ± uniform, ovoid, 
1-2 mm long; mouth lateral, with a short dorsal appendage c. 0.4 mm long; two lateral appendages simple, short 
c. 0.4 mm long, ventral wings absent. Inflorescence erect, solitary 60-170 mm long; peduncle terete, glabrous, 
hollow, 0.2-0.9 mm thick. Scales absent. Bracts and bracteoles 1-1.5 mm long, ± similar, basifixed, slightly 
gibbous at base, narrowly ovate with apex rounded. Flowers rarely 1, usually 2 in opposite pairs, or a whorl 
of three, pedicels erect, filiform, slightly tapering apically, 2-10 mm long. Calyx lobes unequal; upper lobe 
c. 3 mm long, 2.3 mm wide, broadly ovate with apex rounded; lower lobe c. 2 mm long 2.2 mm wide with apex 

emarginate. Corolla mauve; lower lip 3-8 mm long with two prominently raised yellow (becoming white near 
apices) ridges at base, with 3 prominently raised mauve ridges on either side, bordered by dark violet V-shaped 
markings forming a thick band, outer and central ridges equal in length; upper lip constricted near base, 
superior part obovate with apex emarginate or slightly bilobed, inferior part broadly ovate, ciliate on margin. 
Lower lip limb transversely elliptic or ± flat, weakly 3-lobed with apex rounded; palate shortly pubescent, with 
a marginal rim; spur cylindrical, straight or curved forwards near middle, apex rounded, parallel with, and 
c. half as long as lower-lip. Staminal filaments straight, c. 1.5 mm long, anther thecae sub-distinct. Ovary ovoid, 
c. 1 mm long; style short (half as long as ovary); stigma with lower lip transversely elliptic, upper lip smaller, 
deltoid. Capsule globose, 2-3 mm diam., walls thin, dehiscing by a single, ventral, longitudinal, marginally 
thickened slit. Seeds cylindrical, c. 0.35 mm long, 0.15 mm wide. Pollen: 3-colporate, c. 30 x 30 pm and 
35 x 20 pm (Jobson 2325, NSW852619) (Figs 1,2a, b). 

Additional specimens examined: Western Australia: Dampierland: Broome, Taylors Lagoon, G. Byrne 3502, 
26 Jul 2008 (PERTH8097070); Dampier Peninsula, A. Lowrie 4024, 23 Jul 2009 (HL, NSW854053); Dampier 
Peninsula, 1 km S of track to La-Djardarr Bay, R.W. Jobson 2323 & P. Baleeiro, 29 Apr 2014 (NSW852612). 

Etymology: The specific epithet honours Dr Geoff and Ruth Byrne who together recognised the uniqueness 
of this species and made the first known collection of U. byrneana. 

Phenology: Flowers and fruits recorded in April and late July. Seed-set has been observed in three specimens: 
R. W. Jobson 2325 & P. Baleeiro (type), R. W. Jobson 2323 & P. Baleeiro, and Lowrie 4024 representing northern 
and southern populations. Personal observation at the type location indicates fresh flowers emanate a strong 
sweet musk-like fragrance. 



Two new species of Utricularia from Western Australia Telopea 18: 201-208, 2015 203 

Fig. 1. Utricularia byrneana a, habit; b, bracts and bracteoles with pedicel base in situ; c, flower in frontal view; d, flower 

in lateral view; e, flower in dorsal view; f, upper lip of corolla; g, stamen; h, fruiting capsule with calyx in lateral view; i, 
fruiting capsule showing suture; j, seed; k, bladder-trap in lateral view. Scale bar: a = 3 cm; b = 0.3 cm; c-e = 1 cm; f = 0.4 cm; 

h, i = 0.5 cm; j = 0.1 cm; g, k = 0.2 cm. Material used: a, k = R.W. Jobson 2325 (NSW954556 spirit, NSW852619 sheet). 
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Fig. 2. Images U. byrneana a, flower frontal view; b, lateral view, c, habitat at southern site; d, habitat at northern site. Photos 

by R. Jobson. 

Distribution and ecology: Australia: Western Australia: Dampier Peninsula. Recorded from two swamps 
separated by c. 100 km (Fig. 5). The northern most location is c. 19 km W of La-Djardarr Bay settlement 
situated near Disaster Bay (16.881°S, 122.967°E; alt. 56 m), while the southern site is Taylors Lagoon c. 70 km 
E of Broome (17.7794°S, 122.889°E ; alt. 42 m). 

This species is locally common inhabiting shallow edges of ephemerally wet swamps and lagoons (Fig. 2c, d). 
The northern site is a system of large swamps (Yarps) on deep sand, within undisturbed vegetation, fringed 
by Melaleuca nervosa (Lindl.) Cheel woodland (Fig. 2d), while the southern site is on a similar substrate 
with recent disturbance and possible loss of the Melaleuca woodland component (Fig. 2c). At both locations 
U. byrneana is found in association with grasses, sedges, Xyris spp., Drosera spp., Utricularia spp., Byblis filifolia 
Planch., Nymphoides beaglensis Aston and N. indica (L.) Kuntze, while Glossostigma drummondii Benth. and 
Peplidium muelleri Benth. are common associates at the southern site (Fig. 5). 

Conservation status: Utricularia byrneana seems to be restricted to finite ephemeral swampy habitats 
(Fig. 2c, d). The northern site is located within the Beagle Bay Aboriginal Reserve (Lowrie 4024, Jobson 2323 
& Baleeiro), while the southern site is on unprotected crown land (Byrne 3502, Jobson 2325 & Baleeiro - type). 
Given the remoteness and seasonally ephemeral nature of these habitats, this species may be more widespread 
than appears across the Dampier Peninsula (Fig 5). However, large swamps are relatively uncommon in the 
region and this species is likely uncommon and highly localised. It is therefore recommended that this species 
be listed in Western Australia as a candidate for declaration as rare flora (Priority Two - Poorly Known Taxa), 
requiring further study to more definitively determine conservation status. 

Notes: Although U. byrneana appears most closely allied with U. fistulosa, a molecular phylogeny places it 
sister to the highly modified suspended aquatic U. tubulata F.Muell., together forming a clade sister to the 
U. dichotoma Labill. complex (Jobson et al. in prep.). 
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Key to related species from north-western Western Australian 

(Modified from Taylor 1989) 

la. Freely suspended aquatic; leaves verticillate, narrowly linear; peduncle inflated; corolla very pale pink 
with a very slender spur, 1.5-2 cm long (W.A., N.T., Qld).U. tubulata 

lb. Terrestrial or affixed aquatic; leaves not verticillate.2 

2a. Corolla mauve, palate with 2 yellow ridges, lower lip longer than spur (W.A.). \J. byrneana 

2b. Corolla white, palate with yellow tinged spot, lower lip shorter than spur (W.A., N.T.).U.fistulosa 

Utricularia wannanii R.W.Jobson 8c Baleeiro sp. nov. 

Diagnosis: Has bracts and bracteoles similar to those of U. georgei but differs in having corolla lobes of the 
upper and lower lip long, subulate, with strongly reduced spur, peduncle up to 15 mm long, seeds ovoid. 

Type: AUSTRALIA: Western Australia: Gardener: Garimbu Creek, Prince Regent National Park 

(15.362°S; 125.510°E), 24 June 2014, B. Wannan 6685 & M. Wardrop (holo: NSW; iso: CANB). 

Small sized probably annual, lithophytic herb. Rhizoids capillary, simple, up to 8 mm long, c. 0.1 mm thick, several 
from base of peduncle. Stolons two or three linking other rosettes, filiform, hollow, 0.15-0.2 mm thick, up to 

12 mm long, internodes absent. Leaves several, in a loose rosette at base of peduncle, petiole fleshy, c. 0.5 mm 
long; lamina obovate, 1.5-2.5 mm long, 1-1.3 mm wide, single nerve, apex rounded. Traps stalked, few at base 

of peduncle and rarely 1 on stolons or rhizoids, uniform, ovoid, 1-1.5 mm long; mouth lateral, with a dorsal 
appendage c. 0.25 mm long; two lateral appendages simple, c. 0.25 mm long, ventral wings narrow with margin 
fimbriate, or simple. Inflorescence erect, solitary or in pairs 8-15 mm long; peduncle terete, glabrous 0.1-0.3 mm 
thick. Scales absent. Bracts and bracteoles basisolute ± similar 0.7-0.8 mm long, superior parts ovate with apex 
acute c. 3.5-4 mm long, inferior parts connate forming tube c. same length as superior parts. Flowers usually 1, 
rarely 2 in pairs, pedicels erect, filiform, slightly tapering apically (rarely flattening), 2-4.5 mm long. Calyx lobes 
unequal; upper lobe obovate with round or acute apex c. 0.9 mm long, 0.6 mm wide; lower lobe ovate, apex 
emarginate, c. 0.8 mm long 0.7 mm wide. Corolla white; lower lip 2-3 mm long deeply 3-lobed, two outer lobes 
broadly subulate, apex acute; central lobe broadly ovate at base graduating to a subulate limb with apex acute; 
palate ciliate, with a marginal rim; spur short, broadly cylindrical, apex rounded. Upper lip constricted near base 
3-4.5 mm long, superior part ovate, constricted near middle, deeply divided into two subulate lobes, canaliculated 
on lower half; inferior part broadly ovate, minutely glandular on entire surface. Staminal filaments curved, c. 
0.9 mm long, anther thecae sub-distinct. Ovary ovoid, c. 0.7 mm long; style short (half as long as ovary); stigma 
with lower lip transversely elliptic, upper lip smaller, deltoid. Capsule globose, 1.0 mm diam., walls thin, dehiscing 
by a single, ventral, longitudinal, marginally thickened slit. Seeds ovate, c. 0.3 mm long, 0.2 mm wide. Pollen: 
3-colporate, c. 20 x 20 pm (B. Wannan 6685 & M. Wardrop, NSW 924583) (Figs 3,4a, b). 

Additional specimens examined: None known. 

Etymology: The specific epithet honours Dr Bruce Wannan, botanist and environmental scientist at the 
Queensland Herbarium (BRI), and collector of U. wannanii. 

Phenology: Flowers and fruits recorded in June. No other information available. 

Distribution and ecology: Only known from the type location at Garimbu Creek (alt. 177 m), a tributary of 

the Roe River catchment, western Kimberley region (Figs 4d, 5). Found growing on seepage of shaded south 
facing sandstone rock-faces (vertical and horizontal) in the lithophytic habit (Fig. 4a-c), with nearby drier 
areas containing a Stylidium sp. 

Conservation status: Known from a single colony in a tributary of the Roe River, protected within the Prince Regent 

National Park, and accessible only by helicopter (Fig. 5). Given the limited botanical knowledge of these watercourses, 
U wannanii may be more widespread than currently appears. However, due to the lack of previous collections of 
this species, despite a number of surveys in this general area, the species is likely to be highly localised. It is therefore 
recommended that this species be listed in Western Australia as a candidate for declaration as rare flora (Priority 
Two - Poorly Known Taxa), requiring further study to assess conservation status and determine potential threats. 

Notes: Preservation of botanical samples in 70% ethanol is thought to destroy the molecular structure of DNA. 
However, in the case of U. wannanii (Wannan 6685 & Wardrop) a short storage time in ethanol (<3 months) 
allowed for successful extraction and amplification of chloroplast molecular markers, allowing U. wannanii to 
be included in a phylogenetic study of the subgen. Polypompholyx (Jobson et al, in prep.). Thus far, preliminary 
unpublished results place U wannanii with those species included in the relevant discussion above and key below. 

With its lithophytic habit, small size, and uniquely shaped flowers, U. wannanii is unlikely to be confused with 
any other Australian species of Utricularia. 
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Fig. 3. Utricularia wannanii a, habit; b, bladder traps; c, leaf; d, seed; e, fruiting capsule showing suture; f, bracts & bracteoles with 

pedicel base in situ; g, flower in lateral view; h, flower in dorsal view; i, flower in % frontal view; j, stamens; k, ovary in lateral 

view; 1, ovary in frontal view; m, upper lip of corolla with stamens, stigma, and lower calyx lobe in situ. Scale bar: a = 0.8 cm; b, e, f, 

j-m = 0.2 cm; c = 0.6 cm; d = 0.1 cm; g-i = 0.25 cm. Material used: a-m = B. Wannan 6685 & M. Wardrop (spirit -NSW 924583). 
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Fig. 4. Images U wannanii a, flower frontal view; b, colony, c, habit; d, habitat near waterfall. Photos by Bruce Wannan 

Key to related species (Modified from Taylor 1989) 

la. Bracts and bracteoles basifixed or shortly basisolute inferior parts not connate (Tas., Vic., N.S.W.). 
.U. uniflora 

lb. Bracts and bracteoles basisolute, inferior parts connate.2 

2a. Corolla yellowish or brownish-pink with 2 capillary lobes extending vertically above the flower arising 
from the apex of the corolla upper lip (N.T., W.A.) . U. dunlopii 

2b. Corolla pale to bright violet, or white.3 

3a. Corolla violet, lower lip shallowly 3-lobed or entire, with a prominent, lobed basal swelling (N.T., W.A.) 
.17. kimberleyensis 

3b. Corolla lower lip deeply 3-lobed without a prominent basal swelling.4 

4a. Corolla white with violet and yellow at base of lower lip, three lower lip lobes apically rounded, upper-lip 
bifid (W.A.). 17. georgei 

4b. Corolla entirely white, three lower and two upper lip lobes long, subulate (W.A.) 17. wannanii 
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Abstract 

The name Andrographis producta (C.B.Clarke) Gamble (basionym: A. neesiana Wight var. producta C.B.Clarke) 
is lectotypified here. As well as a complete description, including the pollen and seed morphology, the 
relationships, IUCN conservation status and distribution of this endemic species from the Western Ghats in 
India are discussed in detail for the first time. 

Introduction 

The genus Andrographis Wall, ex Nees (Andrographinae: Acanthaceae) is represented by 20 species in the 
world (Mabberley 2008) and distributed mainly in southern India and Sri Lanka (Gnanasekaran 8c Murthy 
2014). However Karthikeyan et al. (2009) have enumerated a total of 28 taxa from India, of which 23 are 
endemics (Gnanasekaran 8c Murthy 2012). Clarke (1884) described five new species and seven new varieties 
of Andrographis in the Flora of British India including A. neesiana Wight var. producta C.B. Clarke from the 
Western Ghats. Later Gamble (1924) raised its status to the rank of species. During the present study on the 
systematics of Andrographis in India, we found the need for designating the lectotype for this name. It is 
lectotypified here in accordance with Article 9.2 of ICN (McNeill et al. 2012) and an image of the selected 
specimen is provided. In addition a complete description, along with pollen and seed morphology, illustrations, 
colour photographs and a distribution map have been provided for the first time. 

Andrographis producta (C.B. Clarke) Gamble, Flora of the Presidency of Madras: 1049 (1924). 

A. neesiana Wight var. producta C.B. Clarke in Hook.f., The Flora of British India 4: 504 (1884). 

Type citation: A. ceylanica Wight in Herb. Andrographis sp. n. 13, Herb. Ind. Or. H.f. & T. - Shevagherry Hills; 
Wight (Herb. Propr. N. 2702). Tinnevelly; Beddome. Malabar; Gibson (in Herb. Dalzell), 8cc. 

Lectotype (designated here): India: Tamil Nadu: Tirunelveli district: Shevagherry hills, anno 1837, R. Wight 
2702 (K000545943, image!) - Fig. 4. 

Residual syntypes: Malabar Concan 8c c., Stocks, Law, & c. s.n., without date (BM000948843!, CAL!, 
G30004878, G00304884, MH!, P03590464, P03590467, P03590484, Sll-300095, images!); Malabar, Gibson s.n. 
(in herb. Dalzell), without date (K000592612, image!); Sivagiri [Shevagherry] hills, R. Wight 2702, without date 
(E00435358, image!); Tinnevelly [Tirunelveli], Sivagiri ghat, R.H. Beddome s.n., without date (BM001050055!); 

Tinnevelly [Tirunelveli] ghats, R.H. Beddome s.n., without date (BM001050056!); South Tinnevelly, Calaad 
[Calacad] hills, R.H. Beddome s.n., without date (BM001050061, image!). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. Andrographisproducta (C.B. Clarke) Gamble: A. Habit. B. Details of stem indumentum. C. Leaf - Adaxial surface. 

D. Abaxial surface. E. Detail of inflorescence rachis indumentum. F. Corolla - Split-open. G. Carpel. H. Fruit. I. Seed. (R. 

Chandrasekaran 88515 (A-G), MH; K. Ravikumar 116394 (H & I), FRLH). Drawn by K. Sivanandan. 
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A. explicata auct. non (C.B. Clarke) Gamble, 1924: B.D. Sharma et al., Flora of Karnataka: 200 (1984); 
M.R. Almeida, Flora of Maharashtra 4(A): 5, fig. 4. (2003). 

Undershrub, up to 2 m high. Stems distinctly 4-angled, retrorsely scabrid on angles (Fig. IB), puberulous, 
glandular-hairy when young; nodes swollen, densely pubescent. Leaves narrowly elliptic to linear-lanceolate, 
8-16 cm long, 0.5-3.5 cm wide, attenuate, rarely obtuse at base, entire at margins, long-acuminate at apex, strigose 
above (Fig. 1C), glabrescent to glandular-pubes cent beneath (Fig. ID), black above when dry, hypostomatous 
(Fig. 2D, E); midrib conspicuous beneath, lateral veins 8-10 pairs; petioles 3-10 mm long, pubescent. 
Inflorescence racemose, branched, axillary and terminal, 4-18 cm long forming a terminal pyramidal panicle; 
rachis 4-angled, glandular-pubescent; flowers closely arranged (interstices less than 5 mm long), twisted at 
right angles to each other, one-sided; peduncles 3-8 cm long, puberulous to glandular-pubescent; pedicels 
slender, 2-5 mm long, glandular-pubescent. Bracts 2, linear-lanceolate, 1.8-2 mm long, 0.3-0.5 mm wide, hairy 

at margins, acuminate at apex, glandular-pubescent above, antrorsely strigulose beneath, green. Bracteoles 2, 
linear, 1.2-1.5 mm long, 0.2-0.3 mm wide, hairy at margins, acuminate at apex, glandular-pubescent above, 
antrorsely strigulose beneath, green. Calyx 5-lobed; lobes lanceolate, 3-4 mm long, 0.5-0.7 mm wide, hairy 
at margins, acute-acuminate at apex, antrorsely strigulose inside, glandular-hirsute outside. Corolla 2-lipped, 
1.2-1.5 cm across, pinkish; tube prominently ventricose, 5.5-7.5 mm long, 2-3.3 mm wide, glandular-hirsute 
above, glabrous below; upper lip spathulate-oblong, entire at margins, minutely 2-lobed (0.8-1 mm long) at 
apex, 9-10 mm long, 2.5-3 mm wide, glabrous inside, glandular-hirsute outside, 6-veined; lower lip 3-lobed, 
entire at margins, obtuse at apex, 5.5-7 mm long, 5.2-5.6 mm wide, glabrous inside except at centre of middle 
lobe, glandular-hirsute outside, purple-striped inside; middle lobe ovate, 3-4 mm long, 3-3.2 mm wide, hirsute 
at centre, 3-veined; lateral lobes oblong, 1.6-1.8 mm across, 3-veined. Stamens 2, exserted, adnate to base of 
ventricose portion of corolla tube; filaments 10-12 mm long, distinctly dilated at base, retrorsely pilose above, 
scabrid below; anthers oblong-obovoid, 1.8-2.7 mm long, 0.6-0.8 mm wide, jointed and pilose at base, deep 
purple. Pollen grains (Fig 2F) 3-colporate, subprolate, 38-40 pm long, 32-36 pm wide, tectum ornamentation 
distinctly bireticulate (Fig 2G). Ovary oblong, 1.6-1.8 mm long, 0.8-1 mm wide, glandular-hairy; ovules 6 
in each cell; style 13-15 mm long, antrorsely bristly hairy; stigma linear, green. Capsules linear, 15-30 mm 
long 4-6 mm wide, acute, compressed at right angles to septum with a median longitudinal groove, densely 
glandular-hairy except in groove, brown, 10-12-seeded. Seeds (Fig 3A-D) oblongoid, subquadrate, obovoid, 
1.8-2.5 mm long, 1.4-1.8 mm wide, narrowly oblique-truncate at base, obtuse at apex, very hard, rugosely 
pitted, verrucose, glabrous, yellowish-brown. Figs 1,2,3. 

Phenology: Flowering and fruiting August - March 

Distribution: Endemic to INDIA: Karnataka (Chikkamagaluru, Coorg, Hassan and Shimoga districts), Kerala 
(Idukki, Kottayam, Palakkad, Pathanamthitta, Thiruvananthapuram and Wayanad districts), Maharashtra 
? (Konkan - Almeida 2003) and Tamil Nadu (Coimbatore, Dindigul, Kanyakumari, Nilgiris, Theni and 
Tirunelveli districts). Fig. 3E 

Habitat: Moist deciduous and evergreen forests, between 550 and 1800 m. 

IUCN Conservation status: Andrographis producta is categorized here as ‘Least Concern [LC]’ according to 

the IUCN Red List Categories and Criteria Version 3.1 (IUCN, 2012), since it is common and widespread in 
their range of distribution. 

Inter-relationship: Andrographis producta can easily be confused with morphologically closely related species 
namely A. neesiana and A. explicata. Therefore these three species are here keyed out to facilitate an accurate 
identification. 

la. Leaves broadly elliptic-ovate; inflorescence short, 2-4 cm long, crowded towards apex of plant, appears 
like subcapitate head.A. neesiana 

lb. Leaves narrowly elliptic-lanceolate; inflorescence large, up to 18 cm long, lax and effuse and never 
crowded towards apex of plant .2 

2a. Leaves lineolate, strigose only towards margins becomes glabrous at maturity; inflorescence raceme, very 
rarely one-branched, up to 10 cm long; peduncle 2-4 cm long; flowers distantly arranged (interstices up to 
10 mm long); corolla white with slight pink shade; capsule smaller, less than 20 mm long.A. explicata 

2b. Leaves not lineolate, prominently strigose above; inflorescence panicle, profusely tri-dichotomously 
branched, up to 18 cm long; peduncle 3.5-8 cm long; flowers closely arranged (interstices less than 5 mm 
long); corolla white with dark purplish; capsule larger, up to 30 mm long. A. producta 
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Fig. 2. Andrographis producta (C.B. Clarke) Gamble: A. Habit. B. Flowering twig. C. Fruiting twig. D. Leaf - Adaxial 

surface. E. Abaxial surface showing stomata. F. SEM image of pollen grain G. surface ornamentation. Images: K. Ravikumar 

(A-C) and G. Gnanasekaran (D-G). 
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Fig. 3. Andrographis producta (C.B. Clarke) Gamble: A-D. Light and SEM images of seeds and surface ornamentation. 

E. Map showing distribution in Western Ghats in India, prepared by C.R. Magesh. Images: G. Gnanasekaran. 
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Other specimens examined: INDIA. Karnataka: Chikkamagaluru district, Babuboodun hills, Law s.n., 
without date (CAL341333); Kemmangundi, R.S. Raghavan 103644, 20 Oct 1964 (BSI); Kemmangundi, R.S. 
Raghavan 103683,20 Oct 1964 (BSI);Bababudan range, R.S. Raghavan 103794,22 Oct 1964 (BSI);Chikmagalur, 
Bababudangiri, R.K. Aura 5183,22 Oct 1965 (CAL); Bababudangiri hills, Lingadahalli, 1590 m, K. V. Dear 8731,29 

Sep 1996 (FRLH); Coorg district, Mercam,M.P. Rama Raos. n., Oct 1930 (Acc. No. 20948, FRC); Karavalabadaga 
behind college, A.S. Rao 74535, 22 Sep 1961 (BSI); On the way to Abbi, A.S. Rao 74626, 24 Sep 1961 (BSI); 
Kundalli, A.S. Rao 94737,16 Oct 1963 (BSI); On the rivers of Thodiandamol, B.C. Banerjee 11644,10 Feb 1976 
(CAL); Near Mercara, B.C. Banerjee 11248,04 Nov 1976 (CAL); Talacauvery, 990 m, K. Ravikumar & al, 6408, 

10 Aug 1998 (FRLH); Hassan district, Vanagur, 900 m, D.H. Nicolson, S.S. Hooper, C.J. Saldanha & K.N. Gandhi 
2300,24 Oct 1971 (CAL!, K000545934, image!); Shimoga district, Shirur forest, Agumbe, R.S. Raghavan 90361, 
01 Sep 1963 (BSI, CAL); Kerala: Idukki district, Kuttikanam-Peermade, 1100 m, K. Vivekananthan 20311, 
21 Sep 1964 (L0833670, MH); Kuttikanam-Peermade, 1025 m, K. Vivekananthan 29301, 23 Nov 1967 (MH); 
Vallakkadavu Reserve forest, 850 m, B.D. Sharma 40818, 22 Sep 1972; Kulamavu, 750 m, K. Vivekananthan 
50428,20 Aug 1977 (CAL, MH); Kulamavu, C.N. Mohanan & B. Ramanujam 71906,24 Sep 1981 (CAL, MH); 
Kulamavu, 850 m, C.N. Mohanan & B. Ramanujam 71959, 24 Sep 1981 (CAL, MH); Pambanar, 890 m, T.A. 
Panicker 15083, 25 Jan 1996 (FRLH); Kottayam district, Kuthikanam-Peermade, 1000 m, K. Vivekananthan 
23003, 25 Jan 1965 (MH); Kurisumala, 1000 m, K.M. Matthew 18545, 31 Aug 1985 (RHT); Nagaram para 
Reserve Forest, N. Venkatasubramanian & K.R. Sasidharan 13452, 24 Nov 1987 (FRC); Palakkad district, 
Tadikundi, Attapadi valley, 2200 ft (c. 650 m), C.E.C. Fischer 2800, 16 Oct 1910 (CAL, FRC); Silent Valley 
Dam site, 950 m, N.C. Nair 64206, 04 Oct 1979 (CAL, MH); Silent Valley, 1150 m, N. Sasidharan 871A, 871B, 
29 Sep 1991 (FRLH); Attapady, 1010 m, S. Aroumougame & Radhakrishnanan 21064, 16 Nov 1996 (FRLH); 
Pathanamthitta district, Pamba dam, 1000 m, K. Vivekananthan 45269, 15 Dec 1974 (MH); Kakki damsite, 
K.N. Subramanian 9811, 9822,21 Oct 1983 (FRC); Kakki Pamba, C.K. Jayachandran, N. Venkatasubramanian 
& K.R. Sasidharan 10299,25 Jan 1984 (FRC); Pamba-Moozhiar, 1000 m,N. Anil Kumar 68,11 Sep 1987 (MH); 
On the way to Kaki forest, c. 1000 m, R. Chandrasekaran 88515, 09 Aug 1988 (MH); Pamba Coodrical R.F., 
1100 m, N. Anil Kumar 1368, 25 Dec 1988 (MH); Thiruvananthapuram district, Way to Agasthyarkudam, 
c. 1800 m, M. Mohanan 66029, 05 Mar 1980 (CAL, MH); Wayanad district, Meppadi, M.A. Lawson? s.n., 24 
Nov 1888 (Acc. No. 38085, MH); South East Wayanad, 3000 ft (c. 900 m),/.S. Gamble 15559, Nov 1884 (MH); 
Tamil Nadu: Coimbatore district, Anamallays, R.H. Beddome s.n., without date (BM001050067, image!); 
Dindigul district, Pulney hills, anno 1864, R.H. Beddome s.n. (Acc. No. 38048, MH); Pulney hills, anno 1873, 
R.H. Beddome s.n. (Acc. No. 38047, MH); Kanyakumari district, Muthukuzhivayal, 1400 m, A.N. Henry 48307, 
09 Sep 1976 (CAL); Way to Muthukuzhivayal, 1400 m, A.N. Henry 68844,28 Sep 1980 (CAL); Nilgiris district, 
Sispara ghat, R.H. Beddome s.n., without date (BM001050066, image!); Sispara ghats, M.A. Lawson? s.n., Nov 
1883 (Acc. No. 38074, MH); Sispara ghats, 6000 ft, J.S. Gamble 13456, Nov 1883 (CAL!, K000545941, image!); 
Theni district, High Wavy Mountains, 4500 ft (c. 1350 m),K.C. Jacob 17603,08 Sep 1925 (K000545950 image!, 
MH); Vannathiparai, 540 m, K. Subramanyam 9410, 17 Oct 1959 (MH); High Wavy, 1650 m, F. Blasco s.n., 
22 Sep 1970 (HIFP, image!); Aruna estate, Vellimalai area, 1640 m, V Lakshmanan 93673,21 Aug 1990 (MH); 
Suruli river area, 1550 m, V Lakshmanan 94313, 24 Aug 1990 (MH); Tirunelveli district, Shevagherry hills, 
R. Wight s.n., Aug 1836 (Acc. No. 341337, CAL); Sangamuthirai (Panitharai), 1550 m, R. Gopalan 91663,23 Feb 
1990 (MH). Without locality, anno 1880, R.H. Beddome s.n. (Acc. No. 39567, MH). 

Lectotypification 

Clarke (1884) described A. neesiana vdx.producta based on the following specimens: Andrographis sp. n. 13, 
Herb. Ind. Or. H.f. & T. [Malabar Concan & c., Stocks, Law, & c. s.n., without date (BM000948843!, CAL!, 
G00304878, G00304884, MH!, P03590464, P03590467, P03590484, Sll-300095, images!)], Shevagherry 

hills, R. Wight 2702 (K000545943, E00435358), Tinnevelly, Sivagiri ghat, R.H. Beddome s.n. (BM001050055), 
Tinnevelly ghat, R.H. Beddome s.n. (BM001050056), South Tinnevelly, Calaad [Calacad] hills, R.H. Beddome 
s.n. (BM001050061) and Malabar, Gibson s.n. (K000592612). After a critical examination of all these 15 
syntype specimens, we found that the annotation of name made by the original author only on five specimens 
(BM00105005,BM001050056,BM001050061,K000545943, and K000592612). Therefore, these five specimens 
only have been considered here to choose the lectotype specimen for this name. Of these, a material collected 
from Shevagherry (Sivagiri) hills by R. Wight 2702 (K000545943) is selected here as the lectotype (Fig. 4), 
since it is matches well with the notes [Andrographis ceylanica Wight in Her.] and description provided in the 
protologue and also this specimen is housed at the herbarium where original author known to be worked. 
The other specimen of R. Wight 2702, housed at E is with the pencil drawing of flower showing the prominent 
ventricose on tube and filament by J.S. Gamble in 1923. However there is no any sign or annotation to confirm 
that original author had examined this specimen thus it is not considered here as the original material used 
while describing this species to designate it as the isolectotype. 
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Fig. 4. Lectotype of Andrographis producta (C.B. Clarke) Gamble (R. Wight 2702, K000545943) 
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Distribution 

Andrographis producta is endemic to the Western Ghats in India (Fig. 3E) and it is well represented at BSI 
and CAL with many specimens from the state Karnataka. However, most of these collections were mistakenly 
identified as A. explicata, a species considered to be endemic to Tamil Nadu in the present study Similarly, 
Almeida (2003) has included A. explicata in his flora of Maharashtra based on a specimen collected by Stocks 
from Concan [Konkan] with an illustration. But, an examination of the illustration and specimen during the 

present study revealed that they belong to the species, A. producta. Moreover, there was neither a representative 
specimen nor a report from the state of Maharashtra found other than the above mentioned specimen during 
the present study. Therefore the occurrence of this species in Maharashtra is uncertain and need further 
intensive exploration to confirm. 
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Abstract 

Restio trisepalus Nees is identified as an earlier name for the recently published Western Australian species 
Leptocarpus elegans B.G.Briggs. The new combination, Leptocarpus trisepalus (Nees) B.G.Briggs, is provided. 
Lectotypes are designated for Leptocarpus erianthus Benth., Leptocarpus thamnochortoides F.Muell., Lepyrodia 
paniculata F.Muell. and Lepyrodia muirii F.Muell.; only the last of these being a currently accepted name. 

Restio trisepalus Nees 

When Nees von Esenbeck described the Restionaceae collections of Ludwig Preiss in Western Australia in 
Lehmanns (1844-1848) Plantae Preissianae, he made very significant contributions to knowledge of Australia’s 
flora, naming many new species. Preiss’s collection 1705, Tn Australia meridiionali-occidentali’, consisted of 

both male and female plants, but Nees (1846) noted that they were not conspecific. The female was identified 
as Leptocarpus canus Nees, which had been described earlier (Nees 1841) and is typified by a Drummond 
collection (Swan River, Drummond s.n., anno 1839 (B_10_02788859, CGE06145). Both the B and CGE sheets 
of the type were labelled by Nees as ‘Leptocarpus canus L. St N.’, referring presumably to Lindley and Nees, 
although L. canus was published by Nees alone. Other publications (for example, APNI2015), have interpreted 
‘L. et N.’ as ‘Lehmann & Nees’. Flowever CL.’ is only included in the authorship of taxa published in a paper 

communicated by Lindley and (or) described from specimens in his herbarium. ‘L.’ is not included in the 
authorship of the many other species described by Nees in Lehmann’s Plantae Preissianae. 

The male plants of Preiss 1705 were described as Restio trisepalus Nees. In his Flora Australiensis, Bentham 
(1878) placed R. trisepalus as a probable synonym of Leptocarpus aristatus R.Br., which is now recognised as 
Chaetanthus aristatus (R.Br.) B.G.Briggs & L.A.S.Johnson. Bentham observed that ‘Restio trisepalus, Nees in 
PL Preiss. ii. 58, described from a male specimen of Preiss’s, which I have not seen, belongs most probably to 
this species’ This placement has continued to the present, as in the World Checklist of Selected Plant Families: 
Restionaceae (Govaerts et al. 2005) and The Plant List version 1.1 (Kew 2013). 

When I examined the type of Restio trisepalus in Lund in 1998,1 was not able to refer it to any recognised taxon. 
I now consider that it is conspecific with a recently named species, Leptocarpus elegans B.G.Briggs (2014). This 
is made clear by features shown in the photograph of the type (LD1354577) on the Lund Herbarium web site 
(https://plants.jstor.org/partner/LD) and in more detail in Fig. 1. Male specimens of L. elegans differ from 

those of Chaetanthus aristatus in having stout and often laterally compressed culms 1-3 (-4) mm wide; culm 
sheaths few (2-4); spikelets after anthesis ovoid with broadly spreading glumes; glumes aristate with a wide 

© 2015 Royal Botanic Gardens and Domain Trust 
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pale hyaline margin. By contrast, males of C. aristatus have slender terete culms 0.4-1 mm diam.; culm sheaths 
more numerous (8-12); spikelets narrow-ovate; glumes acute, more evenly brown, and with an inconspicuous 
narrow membranous margin. The type specimen resembles L. elegans in all these features. It may be a whole 
plant or part of a larger tussock, but appears probably to be the whole of a small plant with three culms. Plants 
with few culms are common in L. elegans, which regenerates only from seed (Meney et al. 1999), although some 
plants grow into large many-stemmed tussocks. The species occurrence is in the Swan Coastal Plain, Jarrah 
Forest and Warren regions of southern Western Australia from Bunbury to east of Augusta, in seasonally moist 
sites with heath and shrubs on peaty sand, clay or laterite. 

Restio is now circumscribed to include only African genera (Briggs & Johnson 1999, Briggs & Linder 2009) 
and the features of R. trisepalus are consistent with the Australian genus Leptocarpus. The three subgenera 
of Leptocarpus (Briggs 2014) are defined as well-supported clades in DNA analyses and their morphological 

distinctions are features of the female plants. Both sequence data (Briggs et al. 2014, where it is included in the 
analyses as ‘Leptocarpus sp. A) and female morphology place the species in subgenus Leptocarpus. 

Fig. 1. a, an inflorescence of the type specimen of Restio trisepalus (LD1354577). b, part of a male inflorescence of 

Leptocarpus elegans (1 km E of Ruabon, Western Australia, B.G. Briggs 6743,10 Oct 1976, NSW410901). c, part of a male 

inflorescence of Chaetanthus aristatus (Dunsborough, Western Australia, B.G. Briggs 6465,2 Oct 1976 NSW411119). Scale 

bars = 5 mm. Photos: a, Patrik Froden; b, c, Jamie Plaza. 

A new combination: Leptocarpus trisepalus 

Accepting that Restio trisepalus is an earlier name for the species known as Leptocarpus elegans, a new 
combination is necessary and is provided. 

Leptocarpus trisepalus (Nees) B.G.Briggs, comb. nov. 

Basionym: Restio trisepalus Nees in Lehmann, Plantae Preissianae vol. 2: 58 (1846). 

Type: In Australia meridionali-occidentali, L. Preiss 1705 p.p. S (LD 1354577), excluding the female material of 
Preiss 1705 which is Leptocarpus canus Nees. 

Synonym: Leptocarpus elegans B.G.Briggs, Telopea 16: 24 (2014). 

Type: Western Australia: Dennis Road 0.5 km N of Governor Broome Road, ENE of Augusta, B. G. Briggs 9821, 
19 Nov 2007 (holo NSW756791; iso PERTH). 

Lectotypifications of Australian Restionaceae 

The following lectotypifications are seen as necessary towards preparing an account of Restionaceae suitable 
for inclusion in the Flora of Australia. 



Leptocarpus and lectotypes (Restionaceae) Telopea 18: 217-220, 2015 219 

Leptocarpus erianthus Benth., Flora Australiensis 7: 235 (1878). [Currently accepted name = Chaetanthus 
aristatus (R.Br.) B.G.Briggs 8c L.A.S.Johnson] 

Type citation: ‘Drummond, n. 81 and 943; Albany and Stirling Range, F. Mueller, Maxwell, Muir; Gordon and 
Vasse Rivers, Oldfield’. 

Lectotype here designated: W. [Western] Australia, Vasse R., Oldfield $ (K873668; isolecto MEL0014372, 
MEL0014373). 

All of the syntypes are considered to be conspecific. The lectotype is chosen since white hairs are prominent on 
the old flowering heads, a distinguishing feature noted by Bentham; the K and MEL specimens are very similar 
and all have been labelled in pencil ‘ LepidobolusV or reminds of Lepidobolus. The lectotype was annotated as 
Leptocarpus erianthus by Bentham. 

Residual syntypes: Vasse River, Oldf [Oldfield] 1036, <$ MEL0014365; near the Vasse River, Oldf [Oldfield] 720, 
$ K873667; Drummond 81, 3 K873669; Drummond 943, <$ $ MEL0014366, GH, K873670, S P748698-9; 
Stirlings [= Stirling] Range, F. Mueller s.n., Oct. [18]67 3 $ MEL0014368; between Albany and Stirlings Range, 
Maxwell s.n., 3 MEL0014375, $ MEL0014369, $ MEL0014374, 3 $ MEL0015093; Stirling Range, Maxwell 
s.n., 3 $ K873671; KG [King George] Sound, Muir s.n., 3 MEL0014371, 3 MEL0014377, 5 MEL0014376; 
Gordon River, Oldfield 732, 3 9 MEL0014370, s.n. $ K873672. 

Leptocarpus thamnochortoides F.Muell., Fragmenta phytographiee Australia? 8: 96 (1873). [Currently accepted 
name = Leptocarpus laxus (R.Br.) B.G.Briggs] 

Type citation: ‘In paludibus stagnisque Australiae occidentalis; e.g. Porongerup et King Georges Sound; F. M. 
[Mueller]. Blackwood-River et Wilsons Inlet; Oldf. [Oldfield.] 107 et 391 Drumm. [Drummond]’. 

Lectotype here designated: WA [Western Australia],/ Dr [Drummond] 107, $ (MEL0000002). 

Residual syntypes: L. laxus: Wilsons Inlet, Oldf [Oldfield] 739, 3 9 MEL0000009, 738, 3 9 MEL0000010, 
MEL0000013; KGS [King Georges Sound], Oldfield 733, 3 9 MEL0000011. L. tenax (Labill.) R.Br.: Between 
Porongerup [=Porongorup] 8c Willyung, Mueller s.n., Oct 1867 9 MEL0000012, MEL0000015; Princess 
RfRoyal] Harbour KGS [King Georges Sound], Oldfield 784, 3 9 MEL0000006; KGS [King Georges Sound], 
Oldfield s.n., 3 MEL0000005; Wilsons Inlet, Oldf [Oldfield] 745 MEL0000008. L. trisepalus: WA, Drummond 

391, 9 LD, MEL0000001. 

The name Restio microstachys R.Br. (Brown 1810, p. 246), which is now regarded as a synonym of Leptocarpus 
scariosus R.Br., was applied by Nees to Preiss specimens No. 1709 and 1726 (Nees 1846 p. 59). Mueller (1873 
p. 96) recognised that Nees had applied R. microstachys to specimens that did not match Browns concept and 
published Leptocarpus thamnochortoides as a new taxon to include collections similar to those that Nees had 
referred to as R. microstachys. Mueller cited collections of his own and those of Oldfield and Drummond, but 
not the Preiss specimens that Nees had cited. 

Johnson 8c Evans (1966 p. 25) designated as lectotype of L. thamnochortoides a sheet of Preiss No. 1709 (in 
Melbourne)’, which would refer to MEL0000003 or MEL0000004. However, Nees did not publish Restio 
microstachys as a new name; he merely used Brown’s name when identifying and describing specimens, so 
the specimens he cited are not types. Since Mueller’s name is not based on Nees’s publication (it is a sp. nov. 
rather than a nom. nov.), it should be typified by collections cited by Mueller. As indicated above, these appear 
to include specimens of three species; these can be difficult to distinguish, especially when bases are lacking. 
The attempt by Johnson 8c Evans to lectotypify L. thamnochortoides would have placed it as a synonym of 
Leptocarpus laxus. With the new lectotype designated above, it retains that identity. 

Lepyrodia muirii F.Muell., Fragmenta phytographice Australiae 8: 78 (1873) 

Type citation: Ad sinum Regis Georgii; F.M. [Mueller]. Ad lacum Muirii; J.R.Muir. Prope sinum Geograph-Bay; 

A. 8c E. Pries’ 

Lectotype here designated: [Western Australia] KGS [King Georges Sound], F v M [Mueller] s.n., 9 
(MEL0014672; isolecto: B_10_278841, MEL0014674 [also labelled with Diels’herbarium number 7348]). 

Residual syntypes: Busselton [region of Geographe Bay], A. &E. Pries s.n., 3 MEL0014669; King Georges Sound 
and Lake Muir, Herb. Mueller s.n., 1876, 3 9 K873625 [1876 is apparently the date of receipt of the specimen at 
Kew, other K specimens sent by Mueller share this date]; probable syntype K.G. [King Georges] Sound,Muir s.n., 
<2 MEL0014670, MEL0014671 (correctly annotated by N.G. Kaunajeewa in 2006 ‘Mueller in Fragm. 8: 78 (1873) 
cited his own collection from KGS and J.R. Muir’s collection from Lake Muir, - not KGS as appears on this label.’). 
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The lectotype sheet has dissected flowers in a packet and some descriptive annotations. It is considered an 
appropriate choice among the specimens annotated by Mueller. 

Lepyrodia paniculata F.Muell., Fragmenta phytographice Australia?. 8: 73 (1873). [Currently accepted name = 
Sporadanthus tasmanicus (Hook.f.) B.G.Briggs & L.A.S.Johnson] 

Type citation: ‘In clivis saxosus prope Morro-Morro montium Grampians; F. M. [Mueller]. In vicinia sinus 
Southport; C. St. [Stuart]’. 

Lectotype here designated: prope Morro-Morro [=Morra Morra], montium Grampians; F. v Mueller s.n., Nov. 
[18]53 S MEL0707417; isolecto Grampians, F. v. Mueller s.n., MEL0707418; near Morro Morro, MEL2295786; 
Morra Morra, Flerb. F. Mueller s.n., 1876 [1876 is apparently the date of receipt of the specimen at Kew] K873612. 

Residual syntype: Southport, C. Stuart s.n., <$ $ K873611, <$ MEL0707419,0707420,2295787-2295789. 

The lectotype is chosen since it is annotated with Muellers extensive descriptive notes. 
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Abstract 

Primulina linglingensis var. fragrans (Gesneriaceae) endemic to Guangxi, China, is described and illustrated here 
as a new variety. The newly described variety is similar to P. linglingensis var. linglingensis but differs by having 
leaf blade nearly symmetric to symmetric, inflorescence with cymes 2-8-flowered, peduncle densely hairy with 
glandular and eglandular indumentum, bracts narrowly ovate, corolla usually bicolor, staminodes 2, ovary and 
style densely hairy and glandular-hairy. Notes on habitat, distribution and conservation status are provided. 

Introduction 

The genus Primulina Hance, has 170+ species (Moller and Clark 2013). Most species occur in southwestern 
and southern China, especially in Guangxi, Guizhou, northern Guangdong and southern Hunan (Wei et al. 

2010) but a few dozen species of them also discovered in northern Vietnam (Ho 2000, Wang et al. 2011, Weber 
et al. 2011). In the course of floristic surveys for the flora of limestone caves in South China, we collected a 
rare plant of Primulina which has sweetly aromatic flowers. Previously, no species in this genus were reported 
to have attractive scent. After comparing with all previously published species of Primulina (Wang 1990, Wang 
et al. 1998, Li and Wang 2004, Wei et al. 2010, Lai and Wen 2015, Wen et al. 2015), we concluded that it 
was sufficiently different from all the known species and varieties of Primulina, although mostly similar to 
P. linglingensis var. linglingensis, to be recognized as a distinct variety of the latter taxon. This new variety is 
described here. 

Taxonomic treatment 

Primulina linglingensis (W.T.Wang) Mich.Moller Sc A.Weber var. fragrans F.Wen, Y.Z.Ge Sc B.Pan var. nov. 
Figs 1,2 

Diagnosis: Similar to Primulina linglingensis (W.T.Wang) Mich.Moller Sc A.Weber var. linglingensis, but 
differing by having leaf blade nearly symmetric to symmetric (P. linglingensis var. linglingensis oblique); 
inflorescence with cymes, 2-8-flowered (var. linglingensis 1-4-flowered), peduncle densely hairy with glandular 
and eglandular indumentum (var. linglingensis eglandular hairs only); bracts narrowly ovate, corolla usually 
bicolor, staminodes 2, ovary and style densely hairy and glandular-hairy. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Primulina linglingensis (W.T.Wang) Mich.Moller & A.Weber var. fragrans F.Wen, Y.Z.Ge & B.Pan. a, Habit; 

b, opened corolla; c, pistil; d, calyx. All from the type specimen, Bo Pan 130409-01. Illustration by Mr. Wen-Hong Lin. 
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Fig.2 Primulina linglingensis (W.T.Wang) Mich.Moller & A.Weber var. fragrans F.Wen, Y.Z.Ge & B.Pan. a, Habitat; 

b, plant in flowering; c, adaxial surface of leaf blade; d, cyme and flowers; e, calyx lobes; f, frontal view of corolla; g, lateral 

view of corolla; h, top view of corolla. 

Holotype: China. Guangxi Province: Quanzhou County, Huangsha Town, 26°03'N, 111°13'E, alt. ± 169 m, 
09 Apr 2013, Bo Pan 130409-01 (flowering) (IBK). 

Perennial herbs. Rhizomes subterete, 1.5-2 cm long, 1-1.5 cm in diameter. Leaves 5-11, basal, herbaceous; petiole 
flattened, 20-35 mm long, 4-10 mm wide, hairy with hairs brownish and whitish; blade chartaceous, nearly 
symmetric to symmetric, ovate-oblong to rhombic, 28-90 mm long, 15-65 mm wide, hairy with brownish- 
and whitish- indumentum on both surfaces, base broadly cuneate, margin serrate, apex obtuse to rounded; 
lateral veins 3-5 on each side of mid-vein, inconspicuously sunken on adaxial surface, and conspicuously 
raised on abaxial surface. Cymes 2-5, axillary, l(or 2)-branched, 2-8-flowered; peduncle 60-110 mm long, 
c. 2 mm diam., densely hairy with glandular and eglandular indumentum; bracts 2, opposite, narrowly ovate, 

5-10 mm long, 4-8 mm wide, margin entire, apex acute, villous on both surface; pedicel 12-20 mm long, 
densely eglandular-hairy and glandular-hairy. Calyx 5-partite to near base; lobes narrowly ovate to linear, 4-9 

mm long, c. 1 mm wide, margin entire, apex acuminate, outer surface densely hairy, inner surface glabrous. 
Corolla usually bicolored; abaxial lip reddish purple to purple, throat with two longitudinal yellow stripes, 
adaxial lip pale purple to pinkish-white, 35-50 mm long, outer surface sparsely hairy, inner surface glabrous; 
corolla tube infundibuliform, 20-35 mm long, c. 9 mm diam. at mouth, c. 5 mm diam. at base; limb distinctly 

2-lipped, purple; abaxial lip 3-lobed at least to middle of lip, lobes oblong, 9-18 mm long; adaxial lip 2-partite 
at least to middle of lip, lobes oblong, 9-15 mm long, between two lobes with a brownish spot, the surface of 
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spot purple glandular-hairy and white hairy; stamens 2, adnate to corolla tube on lower c. 13 mm from corolla 
base; filaments linear, white, c. 13 mm long, geniculate at middle, upper half sparsely hairy; anthers c. 3 mm 
long, c. 2 mm diam., dorsifixed, with sparsely villous; staminodes 2, c. 5 mm long, apex capitate, glabrous, 
adnate to c. 9 mm above base of corolla tube. Disc annular, c. 1 mm high, margin repand to entire, glabrous. 
Pistil c. 35 mm long, densely hairy and glandular-hairy from ovary to style, ovary narrowly ovoid, 2-2.2 mm 
long, c. 0.9 mm diam.; style 18-20 mm long; stigma obtrapeziform, c. 2 mm long, 1-1.5 mm wide, apex 2-lobed. 

Capsule narrowly ellipsoidal, 14-16 mm long, 1.8-2 mm across, hairy. 

Derivation: Only three species, Primulina tabacum Hance,P repanda var. guilinensis (W.T.Wang) Mich.Moller 
& A.Weber and P. glandulosa var. yangshuoensis (F.Wen, Yue Wang & Q.X.Zhang) Mich.Moller & A.Weber, 

were reported to have a special spicy or sweet scent in their leaves. Before this new variety was discovered and 
formally reported, flowers of all known Primulina species are considered to be lack of sweet or special scent. 

Thus, the specific epithet refers to its fragrance of flowers. 

Phenology: The new variety was collected in flower in April. The relatively large number of mature flowers 
seen suggest that the main flowering period of this variety may be from late March until end of April. 

Distribution: The new variety is at present known from the type locality, a limestone cave in Huangsha Town, 
Quanzhou County, Guangxi (Fig. 3-A). 

Ecology and habit: Primulina linglingensis var. fragrans inhabits the shaded and damp rocky tufa surface of 
limestone cliff in a large cave, close to entrance, at c. 169 m elevation. 

IUCN Red List category: The survival of this new variety strictly rely on the special limestone cave habitat 
where it is usually very shaded and moist. The population is not in any of the protected areas, natural reserves, 
or national provincial parks, and no protection measures have been implemented at present. The approximately 
200 mature individuals were confirmed in this cave, but after a further five more detailed, and wider searches, 
no additional populations have been located. We recommend the variety should be treated as Endangered 
Critically (CRB2a; C2b) (IUCN 2011). 
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Fig. 3. Maps showing the currently known distribution for Primulina linglingensis var. fragrans (A) and P. linglingensis var. 

linglingensis (B) in Guangxi and Hunan provinces of China, respectively 
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Notes and affinities: This variety would appear to be most similar to but readily distinguishable from 
P. linglingensis. var. linglingensis, by the characters discussed (above). The typical variety is known from Lingling 
District, Yongzhou, Hunan Province (Fig. 3-B) (Wang et al, 1990,1998), but the new variety is only distributed 
in Quanzhou County, Guangxi. A comparison of diagnostic differences between the two varieties is provided 
in Table 1. 

Table 1. Morphological comparison between Primulina linglingensis var. linglingensis and P. linglingensis var. fragrans 

Characters P. linglingensis var. fragrans P. linglingensis var. linglingensis 

Leaf blade nearly symmetric to symmetric, ovate-oblong to 
rhombic, 28-90 mm long, 15-65 mm wide, hairy 
and brownish- and whitish-villous on both surfaces 

oblique, ovate to nearly orbicular, 25-60 mm long, 
25-64 cm wide, hairy on both surfaces 

Cyme 2-8-flowered, 1-4-flowered, 

Peduncle 60-110 mm long, densely glandular- and 
eglandular-hairy 

30-70 mm long, villous 

Bracts narrowly ovate, 5-10 mm long, 4-8 mm wide lanceolate-linear, c. 7 mm long, 1-1.2 mm wide 

Calyx lobes narrowly lanceolate to linear, 4-9 mm long, 
c. 1 mm wide 

linear-lanceolate, 7-9 mm long, 1.2-2 mm wide 

Corolla usually bicolour, adaxial lip pale purple to pinkish- 
white, abaxial lip reddish purple to purple; outside 
sparsely hairy, inside glabrous 

purplish-red; outside sparsely hairy, inside hairy 
toward mouth 

Corolla tube infundibuliform broadly funnelform to tubular-funnelform 

Filaments c. 13 mm long, geniculate at middle, upper half 
sparsely hairy 

c. 11 mm long, geniculate at base, sparsely hairy 
apically 

Staminodes 2, glabrous 3, sparsely hairy 

Ovary and style densely hairy and glandular-hairy densely hairy 
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Abstract 

Sauromatum horsfieldii (Araceae - Areae) is reported here as a new record for India. A detailed description 
and photographic illustration are provided, along with an account and revised key of the Indian species of 
Sauromatum. 

Introduction 

The genus Sauromatum (Araceae - Areae) was established by Heinrich Wilhelm Schott (1832) to accommodate 
S. guttatum (Aiton) Schott (basionym Arum guttatum Aiton) and S. pedatum (Link & Otto) Schott (basionym 
Arum pedatum Link 8c Otto). He classified the genus in his subtribe Euaroideae together with Arum L., Biarum 
Schott and Typhonium Schott. From the first two genera, Sauromatum was separated by having staminodes 
only grouped below the male flowers and not above (as seen in Arum and some Biarum) and from Typhonium 
by the connate spathe base, distant staminodes, the ovaries possessing two rather than one ovule, the leaf 
appearing after the inflorescence and being pedate rather than entire and the peduncle being very short 
(Hetterscheid and Boyce 2000; Cusimano et al. 2010). The morphological complexities of the members of 
Sauromatum fascinated many taxonomists. Subsequently Hetterscheid and Boyce (2000) reduced the generic 
status and merged it into the genus Typhonium based on a few preliminary phylogenetic analyses of a 
character matrix including all Typhonium and Sauromatum species. Later on, Cusimano et al. (2010) separated 
Sauromatum from Typhonium as a distinct genus based on chloroplast and nuclear DNA sequences. So far the 
genus Sauromatum consists of 10 species, of these, nine are accepted according to the Plant List (2015) and 
one species published recently by Talukdar et al. (2014) is not yet cited in the Plant List. They are distributed 
in South East Asia from China to Indonesia through Nepal, Bhutan, India, Bangladesh, Myanmar, Thailand, 
Vietnam and Cambodia. In India, the genus is represented by four species viz. S. brevipes (Hook.f.) N.E.Brown, 
S. diversifolium (Wall, ex Schott) Cusimano & Hett., S. meghalayense D.K.Roy, A.D.Talukdar, B.K.Sinha Sc 
M.Dutta Choudhury and S. venosum (Dryand. ex Aiton) Kunth (Talukdar et al. 2014). 

During field exploration in May 2015, in the Tuensang district of Nagaland state, North East India, one 
aroid plant (flowering and fruiting) was collected in the bank of Chingse stream, c. 10 km south-east of 
Noklak to Chingmei village. The plant was found growing in the semi-evergreen forest floor. The significant 
morphological characters of the mature plant viz. pedatisect leaves, convolute spathe tube, clavate lower 
staminodes, differently shaped upper staminodes from the lower ones, fruiting zone with spathe tube 
remaining, revealed that the plant is a member of the genus Sauromatum. After critical examination of the 

© 2015 Royal Botanic Gardens and Domain Trust 
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specimens and literature (Hooker 1884; Hetterscheid and Boyce 2000; Hetterscheid et al. 2001; Cusimano 
et al. 2010; Heng and Hetterscheid 2010; Talukdar et al. 2014), the plant is identified as Sauromatum 
horsfieldii Miq., a hitherto unknown species in India. This was further compared and confirmed with the 
photograph of type specimens of Typhonium larsenii S.Y.Hu, a heterotypic synonym of Sauromatum 
horsfieldii deposited at Museum Botanicum Hauniense, University of Copenhagen (C) [available at 
https://plants.jstor.org/partner/CJ. The Indian specimens of this plant are morphologically slightly different 
in having a pale green petiole without any stripe or spot, leaf blades without spots or splash, spathe tube 
uniformly pale green without any spot or stripe outside. However, these differences are regarded as not being 
of taxonomic significance. 

In this publication, Sauromatum horsfieldii is reported as an addition to the Flora of India. A detailed description, 
along with in-situ image and photographic illustration has been provided. An account of Indian Sauromatum 

is given, along with a revised key to the species. 

Materials and Methods 

The collection, pressing and preparation of herbarium specimens were in accordance to the conventional 
herbarium techniques (Jain and Rao 1977). Inflorescences were preserved in FAA solution. Taxonomic 
measurements and descriptions of each plant part are based on living material. Microscopic details were 
observed using Olympus stereo-zoom microscope SZ-2-ILST, Japan and photographed with Nikon COOLPIX 

P520, China. 

Taxonomic treatment 

Sauromatum horsfieldii Miquel, Flora van Nederlandsch Indie 3: 196 (1856) 

Tuber depressed globose, c. 1.5-2 cm high and c. 2-2.5 cm diam., producing several annual offsets. Petiole 
glabrous, pale green, up to 35 cm long and 1 cm diam., partially subterranean. Leaf blade abaxially pale to 
grey-green, adaxially mid- to dark green, deeply 9-12-pedatified; lobes elliptic-lanceolate, margin entire to 
slightly crenate, apex acuminate, central lobe up to 12 cm long, 2.7 cm wide; lateral lobes gradually smaller. 
Inflorescence appearing simultaneously and in conjugation with the leaf, 3 or 4 per tuber, c. 5-27 cm long. 

Peduncle largely subterranean, greenish white, 10-18.5 cm long, 2.5-3.4 mm wide. Spathe convolute, 10.5- 
13.5 cm long; spathe tube triangular-ovate, strongly convolute, 5-7 cm long, 2.5-3.5 cm wide, outside mid¬ 
green, inside white, apex tapering to constricted; limb convolute at base, lanceolate, outside pale green turning 
yellowish in mature, inside white turning yellowish in mature, apex long acuminate. Spadix shorter than spathe, 

5-8 cm; female zone cylindric, 3-5 mm long, 2.8-5 mm wide; ovary ovoid to oblong-ovoid, 1-loculate, white; 
stigma sessile, ring like, surrounding depression; sterile zone narrowly conic, 1.3-3.5 cm long, 2-3 mm wide, 
carrying staminodes of two types in proximal half, these distally gradually shorter and finally disappearing, 

distally verruculose; proximal staminodes clavate, bent upward, white, brown when dry, c. 3.2 mm long; sub- 
basal staminodes linear-aristate, strongly bent and pointing upwards, white, suddenly shorter and disappearing; 
male zone cylindrical, 0.6-0.8 cm long, 3-4 mm wide; male flowers cream-white, subclavate to spathulate; 
appendix stipitate, flattened, smooth, erect, 2.2-3.5 cm long, 3-3.3 mm wide, cream-coloured, apex obtuse. 
Fruiting zone elongated, with spathe base remaining, c. 1.5-2 cm long, 1.8-2 cm wide; berries whitish-green, 

crowded, cylindric, 5-7 mm long, 3-4 mm wide, apex truncate. 

Flowering & Fruiting: April-July. 

Specimen examined: INDIA: Nagaland: Tsuengsang district, Noklak, 1500-1600m, 26°12'38.6"N, 
094°59'37.0"E, N. Odyuo 132792,30 May 2015 (ASSAM). 

Distribution: Cambodia, India, Indonesia, Laos, Myanmar, S China, Thailand, Vietnam. 

Conservation status in India: Not evaluated. The species was encountered only in one locality in India. 
Therefore, further field assessment is required in the entire areas of Tsuengsang district, Nagaland, India to 
ascertain its population status. Five individuals were collected for ex-situ conservation and introduced in the 
Garden of Botanical Survey of India, ERC, Shillong, Meghalaya. The plants are growing well. 
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Plate 1. Sauromatum horsfieldii Miq.: A. Plant in situ; B. Inflorescences; C. Lower half of Plant. 
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Plate 2. Sauromatum horsfieldii Miq.: A. Habit; B. Longitudinally opened spathe; C. Spadix; D. L.S. of spathe tube (dorsal 

view); E. L.S. of spathe tube (ventral view); F. Female zone and lower clavate staminodes; G. Sterile zone with two type of 

staminodes; H. Male zone; I. Fruiting zone with berries. 
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Key to the Indian species of Sauromatum 

In India, the genus comprises five species represented by S. brevipes, S. divers ifolium, 
S. meghalayense and S. venosum (Talukdar et al. 2014) and the new record, S. horsfieldii. 

la. Leaf blade diversified (often in one plant) from simple to pedatisect .S. diversifolium 

lb. Leaf blade always pedatisect.2 

2a. Spathe tube connate; 1 type of staminodes.3 

2b. Spathe tube convolute; 2 types of staminodes.4 

3a. Inflorescence appearing before leaves; spathe tube dark purple inside .S. venosum 

3b. Inflorescence appearing alongside first developing leaf; spathe tube greenish to white inside.S. brevipes 

4a. Peduncle greenish white, to 20 cm long; spathe tube pale green outside, white inside . S. horsfieldii 

4b. Peduncle purplish brown, to 5 cm long; spathe tube purplish brown to dark brown outside, purple inside 
but creamy to white on margin and toward the limp inside . S. meghalayense 

Sauromatum brevipes (Hook.f.) N.E.Br., Gardeners’ Chronicle, ser. 3,34(2): 93 (1903) 

Typhonium brevipes Hook.f., Flora of British India 6: 511(1893) 

Syntypes: India: Darjeeling, 7500 ft., Clarke 26708 (K); Jore Pokri, 7600 ft., Gammie s.n. (K). 

Distribution: INDIA: Sikkim; BANGLADESH, CHINA, NEPAL. 

Other specimens examined: INDIA: Uttarakhand: Udhampur, Pouni village, A. Swami 1108,5 Apr 1987 
(BSD); Sikkim: Lachung Valley, G.A. Gammie 763,14 Aug 1862 (CAL). 

Sauromatum diversifolium (Wall, ex Schott) Cusimano & Hett., Taxon 59(2): 445 (2010) 

Typhonium diversifolium Wall, [in Wallichs Numer. List n. 8933 (1949), nom. nud.] ex Schott, Aroideae 13:20 (1855) 

Holotype: Nepal, Wallichs Numer. List. no. 8933a, anno 1821 (K). 

Distribution: INDIA: NW and NE India; BHUTAN, CAMBODIA, CHINA, MYANMAR, NEPAL. 

Sauromatum horsfieldii Miquel, Flora van Nederlandsch Indie 3:196 (1856) 

Typhonium horsfieldii (Miq.) Steenis, Bulletin du Jardin Botanique de Buitenzorg, ser. 3,17: 403 (1948) 

Arisaema submonoicum Gagnep., Notulae Systematicae 9: 128 (1941) 

Typhonium larsenii S.Y.Hu, Dansk Botanisk Arkiv Udgivet afDansk Botanisk Forening 23:448 (1968) 

Pedatyphonium larsenii (S.Y.Hu) J.Murata & Ohi-Toma, Systematic Botany 36: 254 (2011) 

Holotype: Indonesia: Java, Oenagaran, Horsfield s.n. (K); iso: Ungarang, T. Horsfield s.n. (isotype; BM - image). 

Distribution: INDIA: Nagaland; CAMBODIA, INDONESIA, LAOS, MYANMAR, S CHINA, THAILAND, 
VIETNAM 

Other specimen examined: THAILAND: Chiang Mai, T. Sorensen 3931, K. Larsen & B. Hansen, 7 Jul 1958 
(C - image). 

Sauromatum meg/*a/ayeuseD.K.Roy,A.D.Talukdar,B.K.Sinha&M.Dutta Choudhury,NeBIO 5(3): 1-3 (2014) 

Holotype: India, Meghalaya, South Garo Hills, Hatisia, D.K. Roy 130216,5 Jun 2014 (ASSAM). 

Distribution: INDIA: Meghalaya, Endemic. 

Sauromatum venosum (Dryand. ex Aiton) Kunth, Enumeratio Plantarum Omnium 

Hucusque Cognitarum, Secundum Familias Naturales Disposita, Adjectis Characteribus, Dijferntiis et Synonymis 
3:28 (1841) 

Arum venosum Dryand. ex Aiton, Hortus Kewensis 3: 315 (1789) 

Holotype: Plant of unknown origin introduced into cultivation at Kew by William Malcolm in 1774 (BM). 

Distribution: INDIA: Peninsular, NE and NW India; AFGHANISTAN, AFRICA, BHUTAN, CHINA, 
MYANMAR, NEPAL. 
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Other specimens examined: INDIA: Kashmir: Bhadrawah - Jai, 2000-2500m, T.A. Rao 9031, 29 May 

1959 (BSD). Maharastra: Thane, K.V. Billor 116259, Feb 1968 (CAL); Poona, D. Prain s.n., 14 May 1896 
(CAL496355,); Chota Nagpur, D. Prain 4, 13 Sep 1886 (CAL). Meghalaya: Woodland, D.M. Verma 35665, 
17 Jul 1967 (ASSAM); Mowprem, Near Hindu Mission, KM. Dey 32631,1 May 1964 (ASSAM). Uttarakhand: 

Dehra Dun, BSI office compound, S.K. Malhtra 18061,10 Oct 1961 (BSD); Rajpur Canal Road, S.K. Malhotra 
18508,3 Nov 1961 (BSD);Arcadio Tea Estate, 600m,N.P Singh 31316,18 Jul 1964 (BSD); Garhwal,Nandheswari, 
1300m, U.C. Bhattacharjee 35151,28 Apr 1967 (BSD); Uttarkashi, B. Balodi 91550, May 1996 (BSD); Kumaon, 
Baram, 1100m, U.C. Bhattacharjee 21187,24 Apr 1962 (BSD). Uttar Pradesh: Saharanpur, Mohan, V.S.Murty 

869 & A.K. Goel, Aug 1974 (BSD). 
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Abstract 

Four new species of Syzygium (Myrtaceae) are described for Papua New Guinea: Syzygium cravenii, S. kuiense, 
S. lababiense, and S. pterotum. Syzygium platycarpum (Diels) Merr. & L.M.Perry is described and discussed 
because this species is inadequately known, with last known collection of this species from Papua New Guinea 
in 1919 and from Indonesian Papua in 1926. 

Introduction 

One of the centre of species diversity for the genus Syzygium is Malesia (Craven 2006), with the genus being 
abundant in a diverse range of habitats throughout Papua New Guinea (Snow and Craven 2010, Takeuchi 
2002, 2006). Hartley and Perry (1973) provided the most recent guide to the identity of the species in 
Papuasia, lamenting that when identifying specimens of Syzygium, “the accumulation of unnamed material 
in the Arnold Arboretum herbarium was as large as that of the named collection”, a situation that has not 
improved significantly in many herbaria. During the eleven years of the research project to document the trees 
of Papua New Guinea (Conn and Damas 2006), many species of Syzygium have been collected and studied. 
Of these, there have been several collections that are morphologically distinct from previously described 
taxa. The conservation status of the four new species described here is unknown, being data deficient (sensu 
IUCN 2008). All four are only known from the type gathering even though they were collected from areas 

that are reasonably well-known botanically. A review of the extensive collections of Syzygium at CANB, LAE 
and NSW did not reveal any additional collections of these new species; however, it is expected that further 
collections may yet prove to be held in other herbaria. The evaluation of additional collections is required to 
understand the extent of morphological variation within each of these new species. The conservation status of 
S. platycarpum is also unknown, being regarded as data deficient. 

Taxonomic account 

The descriptions of the following species are all based on measurements in situ, confirmed and supplemented 
by additional measurements on dried herbarium material when necessary. The distribution of each species is 
summarised according to the botanical regions of Papuasia (Womersley 1978). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Syzygium pterotum B.J.Conn & K.Q.Damas sp. nov. 

Type: Papua New Guinea: Morobe: Baden Bay, Aruviri River at Kui, K.D.Q. Damas LAE79730, 15 Oct 2011 
(holotype: LAE; iso. NSW). 

Diagnosis: Syzygium pterotum is morphologically most similar to S. pteropodum (Lauterb. & K.Schum.) Merr. & 
L.M.Perry. Both species have juvenile stems that are distinctly 4-angular, although in S. pteropodum, the juvenile 
stems are more frequently only flattened (slightly angular) on both sides on distal internodes. The leaf lamina of 
S. pterotum is more or less elliptic, with a distinct intramarginal vein, whereas those of S. pteropodum are obovate 
with the intramarginal vein being less distinct. The peduncles are shorter (c. 5 mm long) and with shorter wings 
in S. pterotum, compared to the peduncle of S. pteropodum being 15 cm long and strongly winged. 

Canopy trees, up to 20 m high; bole cylindrical, up to 30 cm diam., straight, up to 10 m long; buttresses 
absent, or if present, then short. Bark grey or brown, rough, scaly or flaky or peeling; lenticels irregular; bark 
<25 mm thick; under-bark pink or grey; blaze strongly aromatic, pleasant; consisting of one layer, white or 

yellow, fibrous; exudate colourless, not readily flowing, changing to purple or grey on exposure to air, not sticky. 
Branchlets 4-angled, soon becoming slightly flattened to more or less terete. Leaves spaced along branches; 
petiole 8-10 mm long, not winged, not swollen; lamina elliptic to narrowly elliptic, 13-18 cm long, 5.5-7.5 cm 
wide; base cuneate, margin flat, apex acuminate, venation pinnate, secondary veins open, 12-15 on each side of 
mid vein, prominent, angle of divergence from mid vein 28-30(-35)°; tertiary veins indistinct; intramarginal 
vein 1, distinct, 1-1.5 mm from lamina margin; lower surface blue-green, upper surface dark green, hairs 

absent, oil glands not visible (to unaided eye). Inflorescence axillary, branched (3-flowered); peduncles c. 5 mm 
long, shortly winged (wings c. 0.2 mm wide), hence appearing quadrangular in cross-section; pedicel c. 1 mm 

long; bracteoles not seen; only old flowers seen (shape and size not measurable); base of staminal filaments 
persistent, many. Fruits sub-ellipsoidal, 20-30 mm long, 15-20 mm diam., fleshy. Seeds 1, up to 30 mm, up to 

15 mm wide. Fig-1 

Fig. 1. Syzygium pterotum. Herbarium collection (Damas LAE79730) showing a branchlets with leaves and two old 

inflorescences with the remains of the flowers. Scale bar: 5 cm 
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Distribution: Papua New Guinea: Morobe province 

Etymology: The specific epithet pterotum’ is derived from TrreptoTov (Greek: pteroton), feathered or winged; 
here referring to the small wings (c. 0.2 mm wide) that make the peduncles appear 4-angled over their length. 

Habitat: This species occurs in lowland forest on ultra-mafic soils in association with other species of Syzygium, 
Cryptocarya and Calophyllum. 

Notes: This new species, an occasional timber species, is characterised by having shortly winged peduncles 
and leaves that have an angle of divergence of the secondary veins from the mid vein that is usually 28-30°. 

In the morphologically similar species S. pteropodum, Schumann and Lauterbach (1900, p. 473, as the basionym 

Jambosa pteropoda) record the fruits as 15 mm long and 12 mm diam., whereas those of S. pterotum are 20-30 mm 
long, 15-20 mm diam. This size difference is thought to only be a difference between immature fruits (as suggested 
by Schumann and Lauterbach, loc. cit.) and fully developed ones. The protologue of Jambosa pteropoda cites this 
taxon as a shrub 5 m tall; however, it is possible that this species was described from a young plant. 

Syzygium platycarpum (Diels) Merr. & L.M.Perry 

Journal of the Arnold Arboretum 23: 278 (1942) 

Jambosa platycarpa Diels, Botanische Jahrbucherfur Systematik, Pflanzengeschichte und Pflanzengeographie 57: 
385 (1922). ' 

Lectotype (here chosen): Papua New Guinea: East Sepik: Sepik-Gebiet: Hauptlager Malu [4°13'22"S; 
142°52'H"E], Alluvialwald, 10-40 m [altitude], Ledermann 6787,26 Mar 1912 (K - image!). 

Residual syntypes: Papua New Guinea: East Sepik: cSepik-Gebiet: Hauptlager Malu, Alluvialwald, 10-40 m’ 
(Diels 1922, p. 386), Ledermann 7145,26 Apr 1912 (presumably B, n.v.); 10690,22 Jan 1913 (labelled paratype, 
B100279308 - image!); 10805,1 Feb 1914 (presumably B, n.v.) 

Subcanopy trees, c. 15 m high; bole cylindrical, 40 cm diam., crooked bole, 10 m long; buttresses absent. Bark 
brown or grey, rough, scaly or flaky, 10 mm thick; under-bark pale green; blaze faintly aromatic or non-aromatic, 

pleasant, consisting of one layer, pale yellow cream-coloured or white, fibrous; exudate colourless, not readily 
flowing, changing to faintly pale red, then to bluish or purplish on exposure to air, not sticky. Branchlets more 

or less terete. Leaves spaced along branches; petiole 5-10 mm long, not winged, not swollen; lamina elliptic, 
12-20 cm long, 5- 9.5 cm wide; base slightly cuneate, margin flat, venation pinnate, secondary veins open, 15-20 
on each side of mid vein, prominent, angle of divergence from mid vein 45-50° (distal secondary veins at up 
to 55°); tertiary veins indistinct or faint; intramarginal vein 1, distinct, 1-2 mm from lamina margin; lower 
surface green, upper surface green, hairs absent, oil glands not visible (to unaided eye). Inflorescence axillary or 
terminal, unbranched or few-branched, 3-7-flowered; pedicel 5-8 mm long; bracteoles not seen; hypanthium 
size and shape unknown; sepals 4, unequal; corolla not seen; stamens many, white. Fruits slightly flattened 
subglobular, (15-) 18-20 mm long, 15-18 mm diam., red. Seeds 1, as wide as long. Figs 2,3 

Distribution: Papua New Guinea: East Sepik (Ledermann 1919) and Western provinces. 

Specimen examined: Indonesia: Papua: Jayapura: Mamberamo, Otken River, elevation ±60 m, Docters van 
Leeuwen 11386, Nov 1926 (K-photo). Papua New Guinea: East Sepik: ‘Kaiser Wilhelmsland, Sepik’Ledermann 
6782, Feb. 1912 (Ledermann 1919) (K - photo); Ledermann 10690, 22 Jan 1913 (B100279308 - image!); 
Western: Tabubil, B.J. Conn 5774, K.D.Q. Damas, O. Paul & K. Fazang, 18 Jul 2012 (LAE, NSW). 

Notes: Hartley and Perry (1973) considered that this species is Very closely related’ [morphologically similar] 
to S. tierneyanum (F.Muell.) T.G.Hartley 8c L.M.Perry but stopped short of regarding them as conspecific. Based 
on the protologue (Diels 1922, as Jambosa platycarpa) and the recent collection (Conn 5774), S. platycarpum 
is regarded as a woody shrub to sub-canopy tree, possibly smaller than S. tierneyanum; with secondary veins 
open and prominent (cf. S. tierneyanum indistinct or not visible), with angle of divergence of secondary veins 
from mid vein 45-50° (cf. S. tierneyanum 35-44°); and inflorescence is terminal, unbranched or with only a 
few branches, 3-7-flowered, cf. S. tierneyanum that has axillary inflorescences or flowers on twigs below or 
back from the leaves, with inflorescences heavily branched, usually much more than 7-flowered, (Hyland et al. 
2010 onwards). 

Although S. platycarpum was originally described in the early 20th Century (Diels 1922), this species had not 
been re-collected from Papua New Guinea. However, one collection (Conn 5774) from Tabubil (North Fly 

district, Western Province) is here regarded as morphologically identical to Syzygium platycarpum, based on 
photographs of Ledermann 6782 and 10690. The Ledermann collections were gathered from near Malo, on the 
Sepik River (East Sepik province), from low altitude alluvial forests, so the Western province collection, from 
lower-montane forests (elevation = 540 m), represents a major distributional disjunction. 
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Fig. 2. Syzygium platycarpum (Diels) Merr. & L.M.Perry. A. detail of trunk showing rough, greyish, flaky outer bark; 

B. outer bark and blaze showing single-layered, pale yellow cream-coloured fibrous inner bark, with colourless exudate 

that changes quickly on exposure to air to faintly pale red, then to bluish or purplish. Photo: B.J. Conn. 

Fig. 3. Syzygium platycarpum (Diels) Merr. & L.M.Perry. Fruits, showing apical view with remains of calyx (left) and basal 

view with distal remains of pedicel (right). Photo: B.J. Conn. 

Syzygium lababiense B.J.Conn & K.Q.Damas sp. nov. 

Holotype: Papua New Guinea: Morobe: Kamiali, K.D.Q. Damas LAE79752,18 Oct 2011 (LAE) 

Diagnosis: This species is similar to S.iteophyllum. In particular, both species have morphologically similar 
leaves, but the inflorescence of S.iteophyllum is cauliflorous, with axes furfuraceous, whereas S. lababiense has 
terminal inflorescences that have glabrous axes. Furthermore, S. lababiense has purple fruits whereas those of 
S. iteophyllum are red. 

Canopy trees, up to 30 m high, or subcanopy trees, up to 12 m high; bole cylindrical, up to 50 cm diam., straight, 
up to 20 m long; buttresses up to 2 m high or absent. Bark orange or brown, rough, scaly or flaky or peeling, 
pustular; lenticels irregular; bark 5-7 mm thick; under-bark grey, orange or brown; blaze strongly aromatic, 

pleasant, consisting of one layer, orange, red, brown or grey, fibrous; exudate present, colourless, not readily 
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flowing, changing colour, becoming darker, on exposure to air, or not changing colour, slightly sticky or not 

sticky. Branchlets more or less terete to 4-angled distally. Leaves spaced along branches; petiole 4-8 mm long, 
not winged, attached to base of leaf lamina, not swollen; lamina elliptic, 5.5-13 cm long, 1.5-5 cm wide; base 
obtuse to slightly cuneate, margin flat, apex acuminate, venation pinnate, secondary veins closed, many on each 
side of mid vein, not prominent (faint), but visible, angle of divergence from mid vein 29-36°; tertiary veins 
faint; intramarginal vein distinct, 1.5-2.5 mm from lamina margin; lower surface pale green, upper surface 
dark green, hairs absent, oil dots present or indistinct, domatia absent;. Inflorescence axillary and terminal, 
much-branched; pedicel 2-5 mm long, bracteoles c. 3 mm long; hypanthium size and shape unknown; flowers 
4-5 mm long, small, up to 6 mm diam. (only known in bud); calyx and corolla 4-merous; stamens many, 
filaments present; carpels bilocular. Fruits globular, 18-20 mm diam., purple, fleshy. Seeds 1, as wide as long. 
Figs 4,5 

Distribution: Papua New Guinea: Morobe: Kamiali. 

Etymology: The specific epithet ‘lababiense’ acknowledges the field support provided by the people of the 
Lababia village, Kamu Yali, Kamiali Wildlife Management Area, Morobe Province, Papua New Guinea. 

Habitat: Like S. pterotum, this species occurs in lowland forest on ultra-mafic soils in association with other 
species of Syzygium, Cryptocarya and Calophyllum. 

Notes: Syzygium lababiense is a minor hardwood species that is only known from the Kamiali area of the 
Morobe Province. 

Fig. 4. Syzygium lababiense B.J.Conn & K.Q.Damas. A. basal section of trunk showing rough flaky, red-brown outer bark; 

B. outer bark with blaze showing single layered inner fibrous bark. Photo: K.D.Q. Damas. 
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Fig. 5 Syzygium lababiense B.J.Conn & K.Q.Damas. A. fruiting branchlet showing leaves and purple fleshy fruits, showing 

leaves with indistinct (faint) secondary veins; B. close-up of fruit (left) and seed. Photo: K.D.Q. Damas. 

Syzygium kuiense B.J.Conn & K.Q.Damas sp. nov. 

Holotype: Papua New Guinea: Morobe: Kui village, K.D.Q. Damas LAE79700, D. Damas, O. Paul & B. Sule, 
11 Oct 2011 (LAE) 

Diagnosis: Syzygium kuiense is morphologically similar to S. decipiens with a cauliflorous inflorescences, but it 
differs by having less-branched inflorescences compared to those of S. decipiens and the leaf venation is openly 
spaced, whereas the leaves of S. decipiens have closed venation. 

Subcanopy trees, 7 m high; bole markedly fluted, 3 cm diam., straight, 2 m long; buttresses absent. Bark grey or 
brown, smooth, slightly pustular; lenticels irregular; bark 1 mm thick; under-bark green; blaze faintly aromatic 

or non-aromatic, consisting of one layer, pleasant, orange or brown, fibrous; exudate present, colourless, not 
readily flowing, not changing colour on exposure to air, not sticky. Branchlets terete, smooth. Leaves spaced along 
branchlets; petiole 4-5 mm long, not winged, not swollen; lamina narrowly elliptic, 15-26.5 cm long, 4-6.5 cm 
wide; base cuneate, margin flat, apex acuminate, venation pinnate, secondary veins open, 18-22 on each side 
of mid vein, not prominent, but visible, angle of divergence from mid vein 33-40°; tertiary veins indistinct; 
intramarginal vein 1, faint, c. 1 mm from lamina margin; lower surface pale green, upper surface dark green, 
hairs absent, oil glands absent or not apparent. Inflorescence cauliflorous/ramiflorous, flowers occurring singly 
(only old flowers seen), shortly pedicellate; bracteoles not seen; hypanthium size and shape unknown; old 
flowers appear likely to be up to 20 mm long and up to 10 mm diam.; calyx and corolla presumably 4-merous; 
stamens not known; ovary bilocular. Fruits single, subglobular, up to 30 mm long, up to 25 mm diam., bright 
red, fleshy. Seeds 1, subglobular, c. 15 mm long, c. 10 mm diam., ± smooth, adhering to inner fruit wall. Fig. 6 

Distribution: This non-timber species is only known from the Kui area, south of Lae, in the Morobe Province 
of Papua New Guinea. 

Etymology: The specific epithet ‘kuiense refers to the locality of the type collection from near the Kui village, 
Morobe Province, Papua New Guinea. 

Notes: This species occurs in lowland forest dominated by species of Syzygium and Lauraceae, growing in 
ultra-mafic soils. The dry leaves of S. kuiense resemble Chionanthus (Oleaceae). 
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Fig. 6. Syzygium kuiense B.J.Conn & K.Q.Damas. A. leaves near base of young sapling; B. details of leaves, showing the indistinct 

(faint) secondary veins; C. cauliflorous fruits; D. seed exposed after some of fruit wall removed. Photo: K.D.Q. Damas. 

Syzygium cravenii B.J.Conn & K.Q.Damas sp. nov. 

Holotype: Papua New Guinea: West Sepik: Finamoi to Utai road, K.D.Q. Damas LAE89565 & K. Fazang, 16 Sep 
2013 (LAE) 

Diagnosis: The secondary venation of the leaves of S. cravenii are morphologically similar to those of 
S. decipiens (Koord. & Valet.) Merr. & Perry. The latter species has cauliflorous inflorescences, whereas those of 
S. cravenii are axillary. It should be noted that some herbarium material of S. decipiens have inflorescences that 
appear to be axillary, but these are on short leafy shoots that arise directly from the trunk of the tree. 

Subcanopy trees, c. 20 m high; bole markedly fluted, 30 cm diam., straight, 12 m long; buttresses present; aerial 
roots absent; stilt roots absent. Bark brown, rough, peeling, papery, 8 mm thick; under-bark green; blaze faintly 

to non-aromatic, consisting of one layer; pink or brown, fibrous; exudate colourless, not readily flowing, not 
changing colour on exposure to air, not sticky. Branchlets more or less terete. Leaves spaced along branches;petiole 
2-4 mm long, not winged, not swollen; lamina elliptic, 5-12 cm long, 1.5-4.5 cm wide; base obtuse to slightly 
cuneate, margin flat, apex acuminate, venation pinnate, secondary veins closed, with many on each side of mid 
vein, indistinct, but visible, angle of divergence from mid vein 25-30°; tertiary veins indistinct; intramarginal 
vein 1, faint, c. 1 mm from lamina margin; lower surface pale green, upper surface green, subglossy, hairs absent; 
oil glands distinct. Inflorescence axillary, branched, with peduncle angled; pedicel c. 1 mm long; bracteoles c. 1 
mm long, not persistent; hypanthium conical, about as long as calyptra, yellow-green; calyptra hemispherical, 
distally rounded, slightly darker than hypanthium; flowers 5-6 mm long, c. 5 mm diam.; stamens many, c. 50, 
12-15 mm long, white; style c. 15 mm long, white. Fruits not seen. Fig. 7 

Distribution: West Sepik province of Papua New Guinea. 
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Etymology: This species acknowledges the large contribution that Mr Lyndley Alan Craven (1945-2014) has 
made to our understanding of the systematics of the genus Syzygium. He generously mentored Kipiro Damas, 
over many years, on the systematics of this genus in Papua New Guinea. He maintained a long interest in the 
flora of Papua New Guinea, starting in 1964 by providing botanical support for the land resources surveys 
in New Guinea (in the plant taxonomy unit of the New Guinea Survey Group, Division of Land Research 
and Regional Survey, CSIRO, Canberra). Lyn remained at the Australian National Herbarium (CANB) as an 
Honorary Research Fellow from 2009 until his death in 2014. 

Notes: This minor hardwood species is only known from the type collection. 

Fig. 7. Syzygium cravenii B.J.Conn & K.Q.Damas. A. basal section of trunk showing rough papery, peeling outer bark; 

B. details of leaves, showing the indistinct (faint) secondary veins; C. flowering branchlets showing axillary inflorescence 

and flowers. Photo: B.J. Conn 
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Abstract 

Lectotypes of Dioscorea glabra Roxb. var. hastifolia Prain & Burkill and D. glabra Roxb. var. tenuifolia Prain & 
Burkill are designated here. 

Introduction 

Prain and Burkill (1914) described six varieties of Dioscorea glabra Roxb. Among these varieties, D. glabra var. 
hastifolia Prain & Burkill is endemic to Andaman Islands and was described based on collections made by 
Rogers from Rutland, South Andaman, and D. glabra var. tenuifolia Prain & Burkill was described from Burma 
(Myanmar). As part of systematic studies on the genus Dioscorea L. in India, original material of D. glabra 
var. hastifolia were located at CAL (3 specimens) and K (1 specimen), all collected by Rogers, and bearing the 
collection number ‘278.’ Prain and Burkill (1914) did not assign a holotype in the protologue. Therefore, all 
these four specimens are here considered syntypes. Furthermore, these authors did not cite in which herbaria 
these specimens were deposited. In December 1983, A.H.M. Jayasuriya annotated the specimen housed at the 
herbarium at the Royal Botanic Garden Kew (K000098219) as the holotype of D. glabra var. hastifolia. Hoque 
and Mukherjee (1999) raised D. glabra var. hastifolia to specific rank and gave a new name D. serpenticola 
Hoque Sc P.K. Mukh. because CD. hastifolia at the rank of species would have become a later homonym of 

D. hastifolia Nees in J.G.C. Lehmann, Plantae Preissianae 2: 33 (1848). They have designated “South Andaman, 
Rutland, 19. v. 1904, C.G. Rogers 278” at CAL as ‘holotype’; however, there is no annotation by the authors on 
any of those three sheets available at CAL. Furthermore, it is not clear which herbarium sheet was considered 
by them as ‘holotype’. 

Dioscorea glabra var. tenuifolia was described based on collections made by Kurz from Pegu, Yomah (Kurz 2631\ 
three specimens) and by Burkill from Katha, Burma [Myanmar] (Burkill 226561 one specimen). All of these 
specimens are housed at CAL. The specimens collected by Kurz bear the name as ‘D. glabra var. angustifolia 
on sheets, but this varietal name was never published. In the protologue, Prain and Burkill did not designate 
a holotype nor did they mention the name of herbarium where the specimens were housed. Therefore, a 
lectotype is designated here for D. glabra var. tenuifolia and D. glabra var. hastifolia, which also typifies the name 
D. serpenticola Hoque & P.K.Mukh., in accordance with Article 9.2 of the Melbourne Code (McNeill et al. 2012) 
from among the syntypes. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Lectotype of Dioscorea glabra Roxb. var. hastifolia Prain & Burkill (=D. serpenticola Hoque & P.K. Mukh. Rogers 278 

(K000098219 image!) © The Board of Trustees of the Royal Botanic Gardens, Kew. Reproduced with the consent of the 

Royal Botanic Gardens, Kew 
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Fig. 2. Lectotype of Dioscorea glabra Roxb. var. tenuifolia Prain & Burkill, Kurz 2631 (CAL0000024775!) 
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Nomenclature 

Dioscorea serpenticola Hoque & P.K.Mukh., Journal of the Bombay Natural History Society 99(2): 371 (2002). 

Dioscorea glabra Roxb. var. hastifolia Prain & Burkill, Journal and Proceeding of the Asiatic Society of Bengal 10: 
37 (1914), non Dioscorea hastifolia Nees, in J.G.C. Lehmann, Plantae Preissianae 2: 33 (1848). 

Lectotype (designated here): South Andaman, Rutland, 19 May 1904, Rogers 278 (K000098219, image!); 
isolecto: CAL! 

Dioscorea glabra Roxb. var. tenuifolia Prain & Burkill, Journal and Proceeding of the Asiatic Society of Bengal 
10:37(1914). 

Lectotype (designated here): [Myanmar] Burma, Pegu Yomah, E. and W. slopes, 23 Feb 1871, Kurz 2631 
(CAL0000024775!). 

Residual syntype: [Myanmar] Burma, Katha, Burkill R.E.P. 22656 (CAL!) 
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Abstract 

Four species of Indian Trachyspermum Link are lectotypified here: Trachyspermum falconeri (C.B.Clarke) 
H.Wolff, T. khasianum (C.B.Clarke) H.Wolff, T. roxburghianum (DC.) H.Wolff and T. villosum (Haines) 
P.K.Bhattach. 8c K.Sarkar. 

Introduction 

The genus Trachyspermum Link consists of about 15 species worldwide (Mabberley 2008), distributed mainly 
in tropical regions of Northeast Africa, Central and South Asia. Presently seven species are found in India 
(Karthikeyan et al. 2009; Mukherjee and Constance 1993), of which two species, Trachyspermum falconeri 
(C.B.Clarke) H.Wolff and T. villosum (Haines) P.K.Bhattach. & K.Sarkar are endemic. In revising Indian 

Trachyspermum, I realized that it was necessary to lectotypify four species. While designating lectotypes, I 
followed the guidelines of Art. 9.2 of the Melbourne Code (McNeill et al. 2012). 

Lectotypifications 

1. Trachyspermum falconeri (C.B.Clarke) H.Wolff, Das Pflanzenreich (Engler) 4: 90 (1927) Fig. 1 

Carum falconeri C.B.Clarke, Flora of British India 2(6): 683 (1879) 

Lectotype (designated here): India, Uttarakhand, Gurhwal (Garhwal), without date, Falconer s.n. (K685648!); 
isolectotypes: CAL! and K685647! 

Residual syntypes: India, Uttarakhand, Kumaon, without date, Hooker f & Thomson Ptychotis sp. 8 (CAL!); 
Uttarakhand, Himalaya, Bung (Bung Bung), 7000-9000 ft., 1844,M.P. Edgeworth 150 (K685649!); Uttarakhand, 
Kumaon, 7000 ft., without date, R. Strachey & J.E. Winterbottom Ptychotis n. 1 (P3213927!). 

Distribution: India, endemic (Uttarakhand). 

Notes: When Carum falconeri was published, five gatherings ‘Ptychotis sp. 8, Herb. Ind. Or. H.f & T., Gurwhal; 
Falconer; alt. 7000-9000 ft., Edgeworth; Chiringa, alt. 7000 ft., Strachey & Winterbottom; Mussooree, Dr. Bacon 
were cited in protologue, but no specific herbarium sheet was designated as holotype. Except Dr. Bacon 
gathering, six specimens representing the other gatherings were extant now, three of Falconer s.n. two housed 
at K (K685647 and K685648) and one at CAL, one of Hooker f. & Thomson Ptychotis sp. 8 at CAL, one of M.P. 
Edgeworth 150 at K (K685649) and one of R. Strachey & J.E. Winterbottom Ptychotis n. 1 at P (P3213927). 

© 2015 Royal Botanic Gardens and Domain Trust 
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The three specimens at K (K685647, K685648 and K685649) were examined and annotated by C.B. Clarke as 
‘Carum falconeri C.B. Clarke’. Of these, Falconer s.n. (K685648) is the best, having complete plant specimens 
with root, stem, leaves, flowers and fruits and hence designated here as the lectotype as it agrees well with the 
protologue. 

2. Trachyspermum khasianum (C.B.Clarke) H.Wolff, Das Pflanzenreich (Engler) 4: 91 (1927) Fig. 2 

Carum khasianum C.B.Clarke, Flora of British India 2(6): 682 (1879) 

Lectotype (designated here): Bangladesh, Sillet (Sylhet), anno 1836, Wallich cat. n. 7218 (K685728!); 
isolectotype: CAL! 

Residual syntypes: India, Meghalaya, Khasia, 3000-5000 ft., without date, Hooker f & Thomson Ptychotis sp. 
9 (CAL three specimens!, M172778!, P3213921!, P3213922! and P3213924!); Meghalaya, Khasia, West Khasi 
Hills district, Nonkreem (Nongrim), 15 Sep 1850, Hooker f & Thomson Ptychotis sp. 9 (CAL!, K685641!); 
Assam, Tinsukia district, Boga Panee (Bogapani), 29 Jun 1850, Hookerf. & Thomson Ptychotis sp. 9 (K685639!); 
Assam, Tinsukia district, Boga Panee (Bogapani), 19 Oct 1850, Hookerf. & Thomson Ptychotis sp. 9 (K685640!). 

Distribution: Bangladesh and India (Assam and Meghalaya). 

Notes: When Carum khasianum was published, two gatherings‘Ptychotis ? sp. Wall. Cat. 7218. Ptychotis sp. 9, 
Herb. Ind. Or. H.f & T. Khasia Mts.; alt. 3000-5000 ft., common, Wallich, 8c c was cited in protologue, but no 
specific herbarium sheet was designated as holotype. Thirteen specimens representing this two gatherings 
were traced, two of Wallich cat. n. 7218 one each at K (K685728) and CAL, Eleven of Hooker f. & Thomson 
Ptychotis sp. 9 four at CAL, one at M (M172778), three at K (K685639!, K685640! and K685641!) and three at 
P (P3213921!, P3213922! and P3213924!). All the four specimens at K were examined and annotated by C.B. 
Clarke as ‘Carum khasianum C.B. Clarke’. From these the best one, Wallich cat. n. 7218 (K685728), is designated 
here as the lectotype as it agrees well with the protologue and also having complete plant specimens with root, 
stem, leaves, flowers and fruits. 

3. Trachyspermum roxburghianum (DC.) H.Wolff, Das Pflanzenreich (Engler) 4: 129 (1927) Fig. 3 

Ptychotis roxburghiana DC., Prodromus Systematis Naturalis Regni Vegetabilis 4: 109 (1830) 

Lectotype (designated here): Singapore, Sep 1822, Wallich s.n. (G458704!, Herb. Prodr. [G-DC]). 

Residual syntypes: India, Ind. Or., without date, B. Heyne s.n. (G458706!, Herb. Prodr. [G-DC]); Myanmar, 
montes Prome, anno 1827, Wallich s.n. (G458705!, Herb. Prodr. [G-DC]); Prome, anno 1829, Wallich cat. n. 571 
(K685637!; CAL10466!). 

Distribution: China, Java, Laos, New Guinea, Myanmar, Malaysia, Philippines, Thailand, Vietnam and India 
(native to Western Ghats of Peninsular India, but cultivated as spice throughout India). 

Notes: A. P. de Candolle described Ptychotis roxburghiana on the basis of specimens from ‘Culta in variis Ind. 
or. praesertim Bengali locis, in ins. Singaporia, ad montes Prome, etc., ex Wall. Apium involucratum Roxb. 
ex journ. bot. 1824. v. 2. p. 188. Athamantha Roxburghiana Wall! mss. et herb. (v. s. comm. ab. ill. coetu mere, 
angl. Ind. or.)’, but no specific herbarium sheet was designated as holotype. Within the protologue, Candolle 
gave precise locality but did not provide date and number of the collection. Pertaining to this specification, 
five sheets were extant, three at G (G458704, G458705 and G458706) and one each at K (685637) and CAL 
(CAL10466). Wallich Cat. n. 571 (1) belong to collections from Singapore and 571 (2) to collections from 
mountains of Prome, Myanmar. The three specimens at G were examined and seen by Candolle. The best one, 
G458704, is designated here as the lectotype as it agrees well with the protologue and also having complete 
plant specimens with stem, leaves, flowers and fruits. 

4. Trachyspermum villosum (Haines) P.K.Bhattach. 8c K.Sarkar, Flora of West Champaran District Bihar 253 
(1998) Fig. 4 

Carum villosum Haines, Botany of Bihar and Orissa 3: 408 (1922) 

Lectotype (designated here): India, Bihar, West-Champaran district, Ramnagar, Oct 1916, H.H. Haines 4744 

(K685654!); isolectotypes: K685653! and K685655!. 

Distribution: India, endemic and threatened (Bihar, confined to West-Champaran district). 

Notes: Haines (1922) described Carum villosum on the basis of specimens collected from ‘Sandstone Hills of 
Ramnagar, N. Champaran’. Within the protologue, Haines gave precise locality but did not provide date and 
number of the collection. Pertaining to this specification, three sheets were extant at K (K685653, K685654 and 
K685655). The best one complete specimen having stem, leaves and flowers, K685655, is designated here as the 
lectotype as it agrees well with the protologue. 
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Fig. 1. Lectotype of Trachyspermum falconeri (K685648, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 2. Lectotype of Trachyspermum khasianum (K685728, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 3. Lectotype of Trachyspermum roxburghianum (G458704, © Herbarium G-DC, Geneva). 
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Fig. 4. Lectotype of Trachyspermum villosum (K685654, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Abstract 

Two new species of Prostanthera (Lamiaceae) are recognised from south eastern Queensland, Australia. 
Descriptions of the new species Prostanthera oleoides and P. spathulata are provided. The diagnostic features of 
both are illustrated, and notes on etymology, habitat preferences and conservation status are included. 

Introduction 

The genus Prostanthera Labill. (Lamiaceae) has its highest diversity in the eastern states of mainland Australia, with 
approximately 30 species known as occurring in Queensland. Populations of species of Prostanthera are typically 
geographically discontinuous based on the scattered occurrence of the open and exposed habitats (such as rocky 
escarpments and outcrops) in which many of them grow (e.g. Conn and Wilson 2015). Prostanthera oleoides is 
restricted to sandstone escarpments of the central Queensland sandstone belt whereas P. spathulata is restricted 
to pavements on top of volcanic plugs west of Tewantin. Both species are known from relatively few botanical 
collections. The collection details are listed according to the Queensland botanical districts (Anonymous 1975). 
However, precise localities have not been cited because of the perceived vulnerability of these species. 

Taxonomy 

General terminology follows previous publications on the systematics of Prostanthera by the authors. The shape 
of the leaf lamina is expressed by three simple quantitative metrics: (1) Systematics Association Committee 
for descriptive biological terminology (1962); (2) the ratio of length of the lamina compared to the lamina’s 
maximum width; and (3) the position of the maximum width of the lamina as a ratio of the length (distance) 
of maximum width from base compared to the total lamina length. Inflorescence terminology follows Briggs 
and Johnson (1979), except as modified by Conn (1995). 

Prostanthera oleoides T.C.Wilson & B.J.Conn, sp. nov. Figs 1,2 

Diagnosis: Prostanthera oleoides is a medium-sized, open woody shrub that is morphologically similar 
to P. ovalifolia R.Br. sensu lato; however P. oleoides has glabrous branches (P ovalifolia has curled hairs on 
branches), its leaves have a strongly recessed midvein with margin recurved (cf. midvein not visible and lamina 
margin flat, only sometimes weakly recurved, in P. ovalifolia); and corollas have dark purple markings inside 
throat (P. ovalifolia corolla markings absent). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Holotype: Queensland: Leichhardt: Blackdown Tableland National Park: T.C. Wilson 492, A.E. Orme & M.A. 
Bedoya-Perez, 27 Aug 2013 (NSW979123); isotypes: BRI, CANB. 

Informal phrase name: Prostanthera sp. Blackdown Tableland (K. A. W. Williams 79071) (Bean and Forster 2014, 
as‘Prostanthera sp. (Blackdown Tableland K.AWWilliams 79071)’). 

Open, erect woody shrub to 2 m high, crown c. 1.5 m wide, with a single trunk. Branchlets quadrangular with 

ridges connecting to base of petiole, developing red and grey waxy bark on older branches, stem to 10 cm 
diam., glabrous, densely glandular [15-35 glands/mm2]; glands distinct, hemispherical, subsessile. Leaves 
discolorous, with abaxial surface green, adaxial surface dark green, strongly aromatic; petiole 1-3 mm long; 
lamina narrowly elliptic, oblong, or narrowly obovate, (11-) 18-30 mm long, (2-)4-6 mm wide [length to width 
ratio 4-7, length of maximum width from base to total lamina length ratio 0.3-0.4], glabrous, densely glandular 
[abaxial surface 25-55 glands/mm2]; base attenuate; margin entire, recurved (strongly when dried); apex obtuse; 
venation indistinct, midrib raised on abaxial surface and slightly depressed on adaxial surface. Inflorescence 
a frondose dibotryoid conflorescence (up to c. 36-flowered), uniflorescence botryoid (8-14-flowered). Bracts 
sessile, caducous; narrowly elliptic to ovate, 2-4 mm long, 0.5-2 mm wide [length to width ratio 2-3, length 
of maximum width from base to total lamina length ratio 0.3-0.4], glabrous; base cuneate; margin entire, ± 
hairy, with hairs to 0.1 mm long; apex acute to obtuse. Podium 1-3 mm long, glabrous and densely glandular. 
Prophylls ± persistent, inserted near base of calyx [a axis to anthopodium ratio 3.5-5.5], opposite, narrowly 
ovate, 1-3 mm long, 0.3-0.5 mm wide [length to width ratio 4-8, length of maximum width from base to total 
lamina length ratio 0.1-0.3], glabrous, moderately glandular; base cuneate; margin entire with hairs (similar to 
those on inflorescence bracts); apex acute; venation not visible. Calyx greenish red, with several ribs (c. 8-12 
ribs); outer surface glabrous, moderately to densely glandular; tube 2-3 mm long, with inner surface glabrous 
at base, densely hairy in a narrow band at mouth; abaxial lobe broadly to depressed ovate, 1-2.5 mm long, 
2-3 mm wide at base [length to width ratio 0.5-1], apex rounded, inner surface glabrous; adaxial lobe depressed 
ovate, 0.5-1.5 mm long, 2-3(-3.5) mm wide at base [length to width ratio 0.2-0.5], apex obtuse, inner surface 
glabrous [adaxial lobe length to abaxial lobe length ratio c. 0.5]. Corolla (8-) 10-12 mm long, mauve, with purple 
to dark mauve dots forming striations on inner abaxial surface of corolla throat; outer surface of tube sparsely 
hairy basally, densely hairy distally and on lobes [40-120 hairs/mm2], hairs 0.1-0.2 mm long, ± spreading or 

appressed; inner surface of tube and lobes glabrous or lobes sparsely hairy; tube 3-5 mm long; abaxial median 
lobe broadly spathulate, (3-)4-5 mm long, (2-)3-4(-6) mm wide [length to width ratio 1-1.5], apex rounded, 
± bilobed (sinus to 1 mm long, c. 0.2 mm wide distally); lateral lobes broadly to depressed spathulate or ovate, 
(2-)3-4 mm long, (2-)4-5 mm wide [length to width ratio 0.5-1.5], apex acute to obtuse; adaxial median lobe- 
pair reflexed (in late anthesis), depressed ovate, (1.5-)3-4 mm long, 3-4 mm wide [length to width ratio 0.5-1], 
apex obtuse (sinus between lobes 0.2-1 mm long), median margin of lobes overlapping (when porrect during 

early anthesis). Stamens inserted 1-2 mm above base of corolla; filaments mauve, 0.5-1.5 mm long; anthers dark 
purple, 1-1.5 mm long, c. 0.5 mm wide, 7-8 mm long; ovary cylindrical ovoid, c. 0.6 mm long, c. 0.4 mm diam. 
(at base), lobes c. 0.4 mm long; style 6-7 mm long; stigma lobes 0.1-0.2 mm long (± equal in length). Fruiting 

calyx slightly enlarged (adaxial lobe c. 1 mm long, 2.5-3.5 mm wide). Mericarps 1-2 mm long, extended distally 
0.5-1 mm beyond base of style, distal diam. 0.5-1 mm; seeds ellipsoidal, c. 1 mm long, c. 0.5 mm diam. 

Distribution: Known from the central Queensland sandstone belt, in Blackdown Tableland, Expedition, and 
Chesterton Range National Parks. Fig. 3 

Habitat: This species is recorded as occurring in sandstone-derived soils between boulders of sandstone 
associated on top of escarpments or at the base of cliffs. Growing in sclerophyll woodland mixed with heath, 
consisting of species of Eucalyptus, with understorey of Banksia, Petrophile, Xanthorrhoea, Leptospermum, 
Caustis, Hibbertia, Notelaea, and Boronia obovata at an altitude of c. 700-800 m (Wilson 492) or in woodland 
with Eucalyptus cloeziana and E. maculata (Forster 17750). 

Etymology: The specific epithet ‘oleoides’ refers to the resemblance of the habit and leaves to European olive 
0Olea europaea). 

Notes: The flowers of P. oleoides are similar to P. scutellarioides, however this new species differs by having 
aromatic leaves that are oblong to narrowly ovate, 18-30 mm long, (2-)4-6 mm wide (whereas P scutellarioides 
has linear, non-aromatic or faintly aromatic leaves 6-25 mm long, 0.5-2 mm wide), flowers arranged in a 
frondose and/or bracteose dibotryoid conflorescence (cf. frondose botryoidal in P. scutellarioides). 

Prostanthera oleoides has been observed to have pollen successfully deposited on stigmas by numerous species 
of bees as well as flies (Wilson 492). The bees observed included species of Trigona and Exoneura (Fig. 2f). 

Conservation status: This species is afforded some protection by being within national park boundaries, 
although since populations are extremely localised the conservation status of this species should be considered 
as vulnerable until additional information is available. 
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Fig. 1 . Prostanthera oleoides. a, habit, showing flowering branchlet; b, close-up of flowering branchlet, showing leaves and 

flowers; c, leaf, abaxial surface showing decurrent margin and raised midvein; d, leaf, adaxial surface, showing decurrent 

margin, branchlet node and portion of internode; e, detail of abaxial surface of leaf, showing hemispherical glands; f, 
stamen showing ventral view of anther locules, trichomes on connective, and distal portion of filament; g, stamen showing 

dorsal view of anther locules, connective and distal portion of filament; h, lateral view of flower showing prophylls, calyx, 

corolla and partial view of style and stigma; i, ventral view of flower showing inner surface of corolla tube and lobes, 

stamens, style and stigma; j, open corolla, showing inner surface of tube and lobes, and stamens. Scale bar: a = 50 mm; b = 
40 mm; c, d = 20 mm; e = 3 mm; f, g = 2.5 mm; h, i = 8 mm; j = 10 mm. All from T.C. Wilson 492. 
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Fig. 2. Prostanthera oleoides. a, shrubs growing in white sandstone-derived soils between boulders of sandstone; b, habit, 

showing flowering branchlet with open and flowers and flower buds; c, older branchlet showing bark and young branchlet 

showing decussate leaves and adaxial leaf surface; d, young flowers showing partially open corolla, partial view of stamens, 

style and undeveloped stigmas; e, older flower, showing podium, prophylls, calyx, corolla with maroon markings in tube, 

and style with divergent receptive stigma lobes; f, mature flower being pollinated by an Exoneura species of bee, also 

showing unopened flower buds and developing fruits after the corolla has been lost. Scale bar = 2.5 mm. Photographs by 

A. Orme (a, b, e, f) and M. Bedoya-Perez (c, d). 
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Fig. 3. Distribution map of Prostanthera oleoides and P. spathulata in south-eastern Queensland (Australia). The position of 

major cities, towns and roads, approximate position of the Blackdown Tableland National Park (B), Expedition National Park 

(E), and Chesterton Range National Park (C) and Mount Tinbeerwah National Park (marked with red square) are indicated. 

Other specimens examined: Queensland: Leichhardt: Blackdown Tableland National Park: near Horseshoe 
Lookout: 5 Sep 1983, H.I. Aston 2481 (MEL); on Mimosa creek: 9 Sep 1971, R.J. Henderson 1106, L. Durrington 
& P. Sharpe (AD, BRI); 13 Oct 1984, R.D. Spencer 74 (MEL); 14 Oct 1984, R.D. Spencer 88 (MEL, NSW); 

Expedition National Park: Robinson gorge, downstream of Get Down, 17 Sep 1995, P.I. Forster 17750 & S.J. 
Figg (NSW, BRI); Brigalow Belt South: Chesterton Range National Park: SW boundary of national park, 29 Jul 
1995, C. Dollery 85 (BRI). 

Prostanthera spathulata T.C.Wilson & B.J.Conn, sp. nov. Figs 4,5 

Diagnosis: Prostanthera spathulata is a small open shrub distinguished by spathulate leaves with an undulating 
margin and flowers with long anther appendages. It is morphologically most similar to P. palustris B.J.Conn 
based on spathulate leaves. However, P. spathulata differs from P. palustris by its erect shrub-like habit (as 
opposed to a low weak subshrub), undulate leaves typically 2-3 mm wide (as opposed to 3.5-5 mm wide, 
not undulate), and growing in volcanic derived skeletal soils (as opposed to alluvial sandy soils in wet heath). 
Furthermore, the indumentum of P. spathulata on the branchlets consists of multi-celled hairs that are patent 
to variously spreading basally (not appressed) and with distal half curled (antrorsely or extrorsely) to more 
or less pointing back towards branchlet (indumentum of P. palustris has branchlets with hairs more or less 
antrorse and appressed). 

Holotype: Queensland: Wide Bay: NNE slope of Mount Tinbeerwah, near summit, T.C. Wilson 497, A.E. Orme, 
M.A. Bedoya-Perez & M.A.M. Renner, 29 Aug 2013 (NSW845690); isotypes: AD, BRI, CANB, PERTH. 
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Fig. 4. Prostanthera spathulata. a, habit, showing flowering branchlet with flowers and developing fruits; b, close-up of 

flowering branchlet, showing leaves and one flower; c, detail of base of leaf, showing adaxial surface, glands and hairs; d, leaf, 

showing abaxial surface; e, close-up of hemispherical glands on abaxial surface of leaf; f, leaf, showing adaxial surface; g, 
detail of node and portion of internode, showing hairs, podium, reduced prophylls and base of calyx; h. Stamen, showing 

dorsal view of anther, connective appendage and distal portion of staminal filament; i, Stamen, showing ventral view of 

anther, connective appendage and distal portion of staminal filament; j, opened corolla, showing inner surface of corolla 

tube and lobes, and stamens; lc, ventral view of older flower (female phase), showing inner surface of corolla tube and lobe, 

stamens, distal part of ovary, and style with receptive stigmas; 1, lateral view of flower, showing podium, ridged calyx, lobes 

of corolla and extended anther locules and style with receptive stigma. Scale bar: a = 40 mm; b = 12 cm; c, g = 4 mm; d, f, 
1 = 6 mm; e = 3 mm; h, i = 2.5 mm; j, k = 8 mm. All from T.C. Wilson 497, except c from G. Trapnell s.n. (BRI-AQ82480). 
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Fig. 5. Prostanthera spathulata. a, shrubs growing amongst volcanic pavements; b, open branching habit, showing hairy, 

maroon branchlets and leaves; c, detail of branchlet node and internode, showing a cluster of decussate leaves and hairs 

on branchlet; d, dichogamous flowers (female phase), after anthers have dehisced, showing leaves, calyx, corolla, with 

laterally displaced stamens, developing stigmas and distal end of style; e, ventral view of dichogamous flower (late male 

phase), showing inner surface and markings of corolla tube and lobes, staminal filaments, anther locules and appendages; 

f, fruiting calyx enclosing developing mericarps (not visible), with old style and stigma extended beyond calyx lobes. Scale 

bar = 2.5 mm. Photographs by M. Bedoya-Perez (a, b, c) and A. Orme (d, e, f). 
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Informal phrase name: Prostanthera sp. Mt Tinbeerwah (P.R.Sharpe 4781) (Bean and Forster 2014, as 
‘Prostanthera sp. (Mt Tinbeerwah P.R.Sharpe 4781)’, Thomas and McDonald 1987) 

Semi-erect woody shrub c. 0.3-1.5 m high, moderately densely branched. Branchlets terete, with surface 
yellowish or reddish green, developing reddish brown bark, densely hairy [60-100 hairs/mm2]; hairs antrorsely 

appressed, restricted to two narrow zones (each on opposite sides’ of the branches) from the leaf axil region 
to the next more distal nodal region (between the opposite leaf bases), hairs 0.3-0.8 mm long; glands distinct, 
hemispherical, subsessile, moderate to dense [10-35 glands/mm2]. Leaves bright yellowish green with margin 
red or maroon, strongly aromatic, reminiscent of lemon and pine; petiole short, up to c. 1 mm long, distally 
expanding into lamina (lamina decurrent); lamina spathulate to broadly so, 4-9 mm long, 2-3(-5) mm wide 
[length to width ratio 1-3, length of maximum width from base to total lamina length ratio 0.5-0.8], mostly 
glabrous, but sometimes with a few hairs (up to 1 mm long) along abaxial surface of petiole, leaf margin, and/or 
in adaxial groove of midrib, densely glandular [25-48 glands/mm2]; base attenuate; margin entire and undulate 
(sometimes not obvious in pressed specimens); apex acute; venation indistinct, midrib visible from abaxial 
surface. Inflorescence a frondose racemiform conflorescence, uniflorescence monadic; 2-4(-10)-flowered [per 
conflorescence]. Bracts not seen. Podium 1-1.3 mm long, glabrous and densely glandular. Prophylls persistent, 
sometimes extremely reduced, inserted near base of calyx [a axis to anthopodium ratio 3-10], opposite, linear 
to elliptic, 0.1-0.2(-1.3) mm long, 0.1-0.2 mm wide [length to width ratio l-4(-7), length of maximum width 

from base to total lamina length ratio up to 1], glabrous, moderately glandular; base cuneate; margin entire 
with hairs (similar to those of leaves); apex obtuse; venation not visible. Calyx yellowish green and maroon 
distally, with up to 12 ribs; outer surface glabrous or sometimes sparsely hairy at base [up to 16 hairs/mm2], 
moderately to densely glandular [20-30(-45) glands/mm2], margin ciliate; tube 2.5-4 mm long, with inner 
surface glabrous; abaxial lobe depressed ovate, 1.5-2.5 mm long, (2.5-)3-4 mm wide at base [length to width 
ratio 0.5-0.8], apex obtuse; adaxial lobe depressed ovate, 1.5-1.7(-2.5) mm long, 3-4 mm wide at base [length 
to width ratio 0.4-0.7], apex obtuse [adaxial lobe length to abaxial lobe length ratio 0.7-1]. Corolla 8.5-9.5 mm 
long, pale mauve, with inner abaxial surface of throat white and covered with yellow spots; outer surface of tube 
and lobes sparsely to densely hairy [up to 80 hairs/mm2], becoming less dense distally; hairs 0.2-0.5 mm long, 
± spreading to appressed; inner surface glabrous in tube and lobes, sparsely hairy in throat; tube 5-6.2 mm 
long; abaxial median lobe very broadly spathulate, 2-4 mm long, 1.9-4.5 mm wide [length to width ratio 0.8- 
1.1], bilobed (sinus to 0.2-0.5(-1.8) mm long, 0.2-1.7 mm wide distally); lateral lobes broadly spathulate or 
broadly ovate, 1.8-2.4 mm long, 1.8-2.1 mm wide [length to width ratio 0.9-1.3], apex obtuse or emarginate; 
adaxial median lobe-pair lobes depressed ovate, 1.8-2.3 mm long, 4.8-5.4 mm wide [length to width ratio 0.3- 
0.4], apex obtuse, (sinus between lobe-pair up to 0.6 mm long, median margin of lobes overlapping (mostly 

porrect throughout anthesis). Stamens inserted 3 mm above base of corolla; filaments white, 1.2-1.4 mm long; 
anthers mauve, 0.9-1.1 mm long, 0.4-0.6(-0.9) mm wide, base of locules glabrous; connective appendage 
white, 0.6-1 mm long, terminating in a sometimes thickened apex with a few narrowly triangular trichomes 
0.1-0.2 mm long. Disc c. 0.4 mm long. Pistil 9-10 mm long; ovary cylindrical ovoid, 0.4-0.5 mm long, diam. 

at base 0.3-0.4 mm, lobes c. 0.3 mm long; style 3.5-4.5 mm long; stigma lobes abaxial lobe 0.6-0.7 mm long, 

adaxial lobe 0.5-0.6 mm long. Fruiting calyx tube slightly enlarged; abaxial lobe slightly enlarged, c. 3 mm long, 
3-4 mm wide at base, adaxial lobe not or only slightly enlarged, 1.6-2.7 mm long, 3.3-4 mm wide at base. 
Mericarps 1-1.5 mm long, distally extended 0.5-0.9 mm beyond base of style, distal diam. 0.6-0.7 mm; seeds 
ellipsoidal, c. 1 mm long, c. 0.3 mm diam. 

Distribution: Known from the Mount Tinbeerwah area, W of Tewantin, Wide Bay region of Queensland, 

Australia. Fig. 3. 

Habitat: This species is recorded as growing amongst cracks and fissures in steep north-facing volcanic 
pavements, in loam or skeletal soils derived from trachyte (Halford 3500; Sharpe 2566; Wilson 497) and from 
tall eucalypt forest or open shrubland. Altitude 100-200 m. 

Etymology: The specific epithet ‘spathulata refers to the spathulate leaves. 

Notes: Prostanthera spathulata is morphologically similar to P. rotundifolia but it differs by its mauve corolla 
that has a white throat with yellow spots (P. rotundifolia has corolla purple to mauve, without markings), 
anthers pale mauve (as opposed to dark purple), and anther connectives forming appendages to 0.6-1 mm 
long (as opposed to anther connectives absent, or reduced to a tuft of basal hairs). 

Conn (1997 onwards) mistakenly included Prostanthera sp.cMt Tinbeerwah’ (P.R. Sharpe 4781) as a synonym 
of P.palustris (Conn 1997). 

The pollinators of P. spathulata are unknown; however, it can be inferred from the morphological floral 
characters and markings that the likely pollinators are a variety of insects (Wilson et al. in press), presumably 
small bees. Like many other species of Prostanthera with long appendages, anther appendages partially obstruct 
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a passage through the corolla tube, thereby providing a mechanism with which pollinators can disrupt anthers, 
effecting pollen release. The flower is dichogamous, having two distinct stages: 1. a phase early in anthesis in 
which pollen-bearing anthers are positioned next to the inner adaxial surface of the corolla and the style is 
porrect (not illustrated); and 2. a phase later in anthesis where the stamens have senesced and the old anthers 
have moved laterally to the side of the inner surface of the corolla, the style becomes incurved, and the stigma 
lobes have parted, and presumably are receptive (Figs 4k, 5d, 5e). 

Conservation status: Although this species is afforded some protection by its distribution within the Tewantin 

National Park, no estimate of the population has been conducted. The conservation status should be considered 
vulnerable until an adequate estimate is completed. 

Other specimens examined: Queensland: Wide Bay: Mount Tinbeerwah, W of Tewantin: 7 Oct 1997, D. 

Halford Q3421 & P.Sharpe (BRI n.v., NSW); 27 Oct 1997, Halford Q3500, L. Hucks & G. Thomas (BRI n.v., 
CANB n.v., NSW); 24 Mar 1979, P.R. Sharpe 2566 (BRI); May 1969, L.S. Smith s.n. (BRI); 20 Apr 1984,1.R. 
Telford 9694 (BRI n.v., CBG n.v., NSW); Feb 1967, G. Trapnell s.n. (BRI). 
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Abstract 

Callistemon purpurascens S.M.Douglas & S.David is described from the Blue Mountains region in Central 
Tablelands Botanical Division of New South Wales, Australia. The conservation status of this taxon is 
considered, with the conclusion being that it should be considered for listing as Critically Endangered under 
both state and Commonwealth legislation. 

Introduction 

Callistemon purpurascens is herein described as a new and apparently critically endangered species endemic to 
a very small area below the Blue Mountains Plateau of the Central Tablelands of New South Wales. The species 
was first collected in 2006 whilst undertaking a detailed assessment of the conservation status of Callistemon 

megalongensis (Craven & S.M.Douglas) Udovicic 8c R.D.Spencer (Douglas and Robyn 2006). Both species are 
believed to be endemic to the Megalong Creek catchment within the Megalong Valley, west and below the 
townships of Blackheath and Katoomba (Douglas and Robyn 2006; Douglas 2013). The former was initially 
listed as Vulnerable, but has since been recognised as Critically Endangered (NSW Scientific Committee 2013). 
The latter, which has been nominated for the same status, is currently known to have a population of <150 
adults and is not known from any conservation estate. Sylvia R. David (previously known as Sylvia Robyn) 
located the first specimen of this plant during fieldwork for C. megalongensis, and recognised it as distinct from 
that species and C. citrinus (Curtis) Skeels. 

Callistemon purpurascens is morphologically distinct and appears to be reproductively isolated from the other 
local species. It is very rarely sympatric with C. megalongensis, which occurs at only one of its two known 
locations, and in very low numbers, but is often sympatric with C. citrinus. Callistemon megalongensis and 
C. citrinus sometimes occur in very close proximity, although the majority of C. megalongensis plants occur in 
the absence of C. citrinus. No evidence of intergradation between these three proximate Callistemon species 
has been observed. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Taxonomic treatment 

Callistemon purpurascens S.M.Douglas & S.David, sp. nov. 

Diagnosis: Callistemon purpurascens is distinguished from C. megalongensis by having inflorescences 
40-55 mm in diam. with purple flowers (cf. 30-40 mm and pink flowers), leaves 5-11 mm wide with a non- 
pungent mucronate tip (cf. 3.5-5 mm wide and pungent tip) and fruits 8-10 mm diam. (cf. c. 6 mm). 

Holotype: New South Wales: Central Tablelands, unnamed tributary of Megalong Creek north of Nellies Glen 
Road, eastern Megalong Valley, S.M. Douglas & S. Robyn s.n., 15 Dec 2010 (NSW907108). 

Shrub to 3-7 m high (mostly c. 3.5 m), tending to branch above 1.5 m; bark slightly fissured, platy and 
flaking to peeling (in small sections), subpapery on the largest stems and trunks. Branchlets glabrescent to 
sericeous. Leaves alternate, 30-70 mm long, 5-8 mm wide, oblanceolate, and thickened at the margin and 
midrib; both surfaces usually glabrous, but lower surface with occasional silky brown hairs towards the petiole. 
Leaf base finely tapered, thickened and often twisted. Leaf apex narrowly acute to narrowly acuminate, with 
a distinct mucro. Lateral leaf venation clearly pinnate, though generally less apparent than in C. citrinus due 
to the thicker leaves of C. purpurascens. Leaf oil glands less dense and less prominent than in C. citrinus and 
C. megalongensis, again due to the thickened lamina in C. purpurascens. Inflorescence spicate, pseudoterminal, 
with 20-60 monads, 60-120 mm long, 40-48 mm wide. Hypanthium turberculate to warty-bullate, downy- 
hairy, 3.3-4.0 mm deep. Calyx lobes sparsely hairy (not glabrescent as in C. megalongensis), scarious with 
membranous bands; central band 0.1 mm wide. Stamens free, 45-50 per flower. Filaments red-purple (72A 
RHS Colour Chart, 1966), 17-23 mm long. Anthers dark purple to brown. Style 18-23 mm. Fruit c. 8-10 mm 
wide, sometimes slightly wrinkled, calyx lobes not retained; globose but may deform to barrel-shaped when 
crowded. Embryo with obvolute cotyledons. 

Other specimens examined: New South Wales: Central Tablelands: tributary of Megalong Creek north 
of Nellies Glen Road, eastern Megalong Valley, S.M. Douglas & S. Robyn s.n., 15 Dec 2010 (NSW907112, 
NSW907119, NSW907123); Back Creek, Megalong Valley, off Nellies Glen Road, B. Collins 6, 17 Mar 2010 
(CANB789014). 

Distribution: only known from the swampy riparian zone of two unnamed tributaries of Megalong Creek 

below the Blue Mountains Plateau, New South Wales, Australia. The reference to Back Creek (Collins 6 and 
associated collections) is incorrect. 

Phenology: main flowering period occurs in December. 

Habitat: swampy, mostly riparian shrubland, swamp woodland and swamp forest with emergent Melaleuca 
linariifolia, M. styphelioides and Eucalyptus camphora; Leptospermum species are often dominant in the 
midstorey. The ground stratum is variable depending on moisture levels, light levels, and disturbance history 
(domestic and feral livestock), and can include aquatic and semi-aquatic species along with significant numbers 
of Spiranthes and Drosera at some sites. The sedge, Carex appressa, and the rush, Lomandra longifolia can be 
common. Adjoining vegetation is, or apparently was (prior to clearing), woodland to open forest with canopy 

species of Eucalyptus sclerophylla and E. mannifera subsp. gullickii, and forest of E. amplifolia and E. viminalis. 
Country rock is of the Permian Illawarra Group, though soils are apparently of Quaternary alluvium, kept 
moist by surface water, and likely by some component of groundwater. Rock outcrop is absent in the habitat 
but can be prevalent in adjoining areas in the form of sandstone. 

Conservation status: the conservation status of C. purpurascens has been assessed by S.M. Douglas as critically 
endangered’ under the terms of the Commonwealth Environment Protection Biodiversity Conservation 
(EPBC) Act 1999, and the New South Wales Threatened Species Conservation Act 1995. 

Callistemon purpurascens is known only from privately owned rural / rural-residential allotments, with a small 
part of the population within a large portion of former Crown land now owned by an Aboriginal Land Council. 
Parts of the habitat appear to have been partially cleared in the 1970s or 1980s, probably for grazing. Substantial 
earth-wall dams have been constructed above and below areas of core habitat on both of the tributaries in which 
the species is known to occur. The effects of these are unknown, though the species appears to have colonised 
some of the disturbed areas. Parts of the rural properties on which the species occurs have been subject to 
pasture improvement’ in the form of introduced lawn and pasture grasses, especially Axonopus affinis (carpet 
grass). This grass occupies large areas of the drier and moderately moist habitat surrounding C. purpurascens, 
but tends not to intrude into core habitat. It may, however, suppress germination of Callistemon species by 
forming a dense mat, though Leptospermum species are colonising areas in which carpet grass is dominant. 
This may result in the grass being shaded-out, such that other species, including Callistemon spp., can then 
recruit into areas with less competition from the otherwise dense grass mat. 
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Repeated surveys of the known and likely proximate habitat indicate that the total population of adult 
C. purpurascens is <150, however a survey in late 2010 in post-drought conditions indicated that substantial 
recruitment may have occurred. Since that time, some favourable conditions have occurred but have 
been followed by drought. Douglas (2013) and others undertook surveys during significant rains after an 
exceptionally warm and dry winter, but did not find evidence of significant recruitment, though seedlings of 
the three Callistemons present in this area are not readily distinguished from each other, and whilst subadult 
plants of C. megalongensis can generally be distinguished from the other two species, this is not as feasible, at 
least in the field, between C. citrinus and C. purpurascens. 

Flowering and fruiting occurs at 5 to 7 years of age. Survival rates of germinants and seedlings are unknown, 
though areas in which recruitment was observed were often relatively dense scrub dominated by Leptospermum 
species. Competition for suitable habitat appears to be intense, and the species may rely on disturbance events 

such as wind-throw of canopy trees and shrubs, or fire, to facilitate major recruitment that results in the 
establishment of additional adult plants. 

Douglas (2013) located the species in a second tributary to the east of the type location, and whilst recruitment 
of C. citrinus and C. megalongensis was evident, there was no clear evidence of recruitment of C. purpurascens. 
Much of the habitat between the two dams within this tributary was severely disturbed by pigs and was relatively 
open. It appeared that the frequency and severity of ground disturbance was likely to prevent seedlings from 
surviving in the most affected areas. 

Most specimens of C. purpurascens are mature to late-mature, though a younger cohort of perhaps several 
years of age was noted in some areas on the edge of the upper swamp habitat at the more westerly location. The 
youngest cohort was scattered around the swamp margins in prime and suboptimal habitats. The edges of the 
habitat have previously been cleared, and are now dominated by Leptospermum regrowth, within which there 
are substantial numbers of C. citrinus (Douglas and Robyn 2006; Douglas 2013). 

Threats to the survival of C. purpurascens include: extremely small area of occupancy; extremely small 
population size; absence of the species from any conservation estate; weed invasion (Rubus anglocandicans is the 
primary concern, though pasture weeds are also an issue, and Lonicera japonica is a problem nearby); livestock 
grazing (this is non-commercial and low intensity but results in pugging and increased erosion of the swampy 
soils, and facilitation of weed invasion); habitat degradation and altered hydrology due to pig wallowing; risk 
of further habitat clearing associated with rural-residential land use and bushfire risk management; forecast 
effects of climate change including possible erosion of the swampy floodplain in extreme rainfall/flood events, 
and possible loss or degradation of habitat due to prolonged and severe droughts (see, for example, Steffen et 
al. 2009). 

Etymology: the specific epithet derives from the purple colour of the inflorescence. 

Notes: Callistemon purpurascens is readily distinguished from C. megalongensis, especially if both are in flower: 
the former has large, purple flowers that fade to dull red (Fig. 1), and the latter has narrower, light pink flowers 
(though these are initially darker and fade to light pink at maturity). Leaf shape readily separates these species, with 
C. megalongensis having a much narrower leaf with a pronounced and pungent mucro (Fig. 4). The mature fruit of 
C. purpurascens are noticeably larger (up to 10mm wide) than those of C. megalongensis and C. citrinus (Figs 3, 
4). Collins (CANB, in sched.) notes that C. purpurascens (recorded as Melaleuca citrina) “Occurs in scattered 
clumps in the wetter part of the creek and surrounding areas. Melaleuca citrina generally occurs at the edge 
and further up the slope.” 

Callistemon citrinus is a common and widespread species ranging from temperate eastern Victoria, along the 
NSW coast and ranges to subtropical southeast Queensland (Harden 1991; Wrigley and Fagg 1993; Spencer 
and Lumley 1991). It exhibits significant natural variation, in addition to which there are numerous cultivars 
and hybrids in cultivation (Wrigley and Fagg 1993). This species is sympatric with C. purpurascens and the 
evolutionary relationship between them is unknown. In this paper, reference to C. citrinus characteristics is 

to specimens that co-occur with C. purpurascens, rather than to the species across its substantial geographic 
range. 

Callistemon citrinus and C. purpurascens are not as readily distinguished from each other by observation 
of the flower alone because decaying inflorescences of C. purpurascens can redden and resemble those of 
C. citrinus. Similarly, decaying flowers of C. citrinus can darken and come to resemble the purple flowers of 
C. purpurascens. The fresh flowers of these two species are distinctly different, even when the plants occur in 
close proximity. Fresh C. citrinus flowers are red (Fig. 3). 

The fruits of C. purpurascens are significantly larger and more robust than those of 
C. citrinus. This is most evident in older fruits e.g. those retained after more than one year post-flowering. 
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The fruits of C. purpurascens are more globose and have a relatively narrower aperture for their size when 
compared to the more barrel-shaped, wider-aperture fruits of C. citrinus. This is the most reliable distinguishing 
characteristic between these two species (Figs 2, 4). In addition, the leaves of C. purpurascens are generally 
longer and wider than those of the local forms of C. citrinus (Fig. 3). 

Fig. 1. Callistemon purpurascens, showing leaves and inflorescence, with pale green sepals, drying brown, and purplish 

stamens. 

Callistemon purpurascens has only been observed in wet sites. C. citrinus occurs above the wettest part of 
the swampy riparian zone and floodplain, and can occur in drier, forested environments. Very mature 

C. purpurascens can grow to 7 m in their natural habitat, whereas nearby C. citrinus are generally 2-2.5 m 
high, though most specimens of C. purpurascens are approximately 2.5-3 m high. 

A naked-eye comparison of specimens of the three Callistemon spp. described here and that occur in or 
adjoining each others’ habitat will reveal that C. megalongensis has by far the lightest coloured inflorescence 
with the narrowest width relative to its length; the narrowest leaf; and the longest mucro (Fig. 3). Callistemon 
purpurascens has the darkest coloured inflorescence, which is often the widest; the longest and widest leaf; and 
by far the largest fruit (Figs 2,4), with an overall more robust character than either of the other species. 
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Fig. 2 Callistemon purpurascens, showing mature fruits with characteristically narrow aperture relative to fruit diameter 
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Fig. 3. Comparison of infructescences. a, Callistemon purpurascens; b, Callistemon citrinus. (a from S.M.Douglas & 

S.Robyn s.n., NSW907108; b from R.H.Cambage s.n., NSW553370). Scale bar = 2 cm. 

a/17 > 

Fig. 4. Comparison of inflorescences and leaves of Callistemon species. Specimen tagged 7 is Callistemon megalongensis 

with the narrowest inflorescence and narrowest leaves that are also the most pungent-pointed; specimen 17 is C. citrinus 

with wider inflorescence and wider leaves than C. megalongensis; specimen 13 is C. purpurascens with the widest and 

longest inflorescence and leaves. 
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Table 1 Comparison of some morphological characteristics of Callistemon megalongensis, C. purpurascens and C. citrinus. 

Morphological 
Characters 

C. megalongensis C. purpurascens C. citrinus 

Height Shrub to 5 metres (mostly <3 

m), branching low 

Shrub to 7 metres (mostly <3 m), 

mostly branching from 1.5 m 

Stiff erect shrub to 1-3 metres, 

mostly branching low and with a 

more intricate form than 

C. purpurascens 

Bark Subpapery, medium soft, 

flaking or peeling 

Platy and flaking to peeling (in 

small sections), subpapery on the 

largest stems and trunk(s) 

Platy to furrowed on largest 

stems and trunk(s) of older 

specimens 

Leaf dimensions 35-55 mm long, 3.5-5 mm 

wide 

30-73 mm long, 5-11 mm wide 30-70 mm long, 5-10 mm wide 

Leaf blade Sericeous, glabrescent, 

narrowly elliptic to narrowly 

obovate 

Transversely linear, usually 

thickened at margin and 

midrib. 

Both surfaces glabrous, 

oblanceolate 

Thickened at the margin and 

midrib. 

Lower surface with occasional 

silky brown hairs towards the 

petiole 

Oblanceolate to lanceolate 

Leaf margin less thickened than 

C. purpurascens. Midvein slightly 

thickened. 

Leaf base Narrowly cuneate Finely tapered, thickened and 

often twisted 

Tapering, slightly twisted 

Leaf apex Narrowly acute to narrowly 

acuminate 

(prominent straight, pungent 

mucro) 

Narrowly acute to narrowly 

acuminate with a mucro 

Usually short acuminate and 

pungent with short mucro 

Leaf veins Primary veins pinnate, c. 15-24 

on each side of the midrib 

Obvious pinnate lateral venation, 

though generally less apparent 

than in C. citrinus due to thicker 

leaves. 

Obvious on underside, but 

obscure to absent on upper 

surface 

Leaf oil glands Moderately dense, distributed 

throughout the lamina, distinct 

or obscure 

Less dense and less prominent 

than in C. citrinus or 

C. megalongensis because of 

thickened lamina 

Usually conspicuous 

New foliage Stems and leaves downy-hairy, 

hairs <3 mm and appressed on 

lower parts of leaves 

Stems and leaves white downy- 

hairy, hairs <4 mm and dense, 

tending to appressed on lower 

half of leaves. Hairs present 

on leaf margins other than in 

mature leaves. Hairs persisting 

to previous season of woody 

growth. Petiole reddish and 

larger than in C. citrinus 

Stems and leaves downy-hairy 

but not dense, hairs <3 mm, 

quickly becoming glabrous with 

age. 

Inflorescence 25-60 monads, 70-80 mm 

long, 30-40 mm wide 

20-60 monads, 60-120 mm 

long, 40-55 mm wide 

26-40 monads, 40-75 mm long, 

35-45 mm wide 

Flower: hypanthium Hairy, 3.3-3.5 mm deep Tuberculate to warty-bullate. 

Downy hairy, 3.3-4 mm deep 

Glandular-tuberculate. Downy, 

3.5-5.5 mm deep 

Flower: calyx Abaxially glabrescent 1.7-2 

mm. Scarious in a marginal 

band c. 0.5-0.7mm wide, 

deciduous 

Sparsely hairy (not glabrescent). 

Scarious with membranous 

bands; central band 0.1 mm 

wide, deciduous 

Tends not to retain calyx lobes 

Flower: filaments Magenta pink, 9.5-14 mm 

long 

Red Purple 72A (RHS Colour 

Chart, 1966 edition), 17-23 mm 

long 

Bright red but darkening with 

age. Red 46A (RHS Colour Chart, 

1966 edition), 13-16 mm long 

Flower: anthers Dark red Dark purple to brown Dark red to brown 

Flower: style 17 to 19 mm long 18 to 23 mm long 16-18 mm long 

Fruit c. 6 mm diam. c. 8-10 mm diam., slightly 

wrinkled, does not retain calyx 

lobes. Globose but may deform 

to barrel-shaped when crowded. 

c. 4-7 mm diam. depressed 

globular with comparatively 

broad aperture 

Seed Cotyledons concavo-convex 

(Craven 2009) 

Cotyledons obvolute Cotyledons obvolute (Craven 

2009) 
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Abstract 

Twenty two species of Zygnemataceae, two species of Mougeotia, Sirogonium sticticum, fourteen species of Spirogyra 
and five of Zygnema were encountered in recent collections of macroalgae from the Upper Murrumbidgee River 
catchment in the Australian Capital Territory and Southern Tablelands of New South Wales, Australia. The 
majority of the taxa collected were newly reported for Australia. The occurrence and distribution of silkweeds 
in both flowing water and wetlands in the catchment is similar to that described for other semi-arid parts of the 

world, notably Spain, south-western United States and the coastal areas of the Netherlands. 

Introduction 

The silkweeds (Zygnemataceae) are commonly encountered freshwater algae and so have a high potential as 
indicator species for water quality and aquatic habitat status. There is little information about the ecological 
requirements of individual species, both in Australia and elsewhere. Just as importantly, these algae are most 
frequently encountered in the vegetative state in the field. Induction of reproduction is involved, and often has 
a low success rate (Simons et ah, 1984). Without reproductive material classification is limited to little more 
than genus, and sometimes only provisionally. This report is a first step in addressing these matters for the 
Upper Murrumbidgee River catchment. 

Lists of species or descriptions of regional freshwater algal floras for river catchments in New South Wales, 
and in Australia, are occasionally found in the technical reports of government departments and catchment 
authorities. Occasionally papers are published which include descriptions and bio-geographical information 
(Townsend et al 2008) but generally the baseline information is unavailable, being held in departmental records 
(Skinner 2008).It is rare to find published papers with detailed and floristic content (May and Powell 1986, 
Entwisle 1989a, b). 

The Algae of Australia treatment (Lewis and Entwisle 2007) presented those taxa in the Zygnemataceae that could 
be verified from specimens, and discussed the status of other records. It forms a baseline for this study, which 
presents thirteen new species records, while reinstating one doubtful and two rejected species for the continent. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Study Area 

The Upper Murrumbidgee River catchment includes the river and its tributaries above Burrinjuck Dam in New 
South Wales (Fig. 1). The catchment includes several important rivers that drain most of the southern and western 
side of the Southern Tablelands. As the Murrumbidgee River system is the third most important contributor to 
the Murray-Darling River Basin, it is important to have its freshwater algal biodiversity documented. 

The Murrumbidgee River rises in the Australian Alps, leaves Tantangara Reservoir and gathers in water from 
Cooma Creek, the Numeralla and Bredbo Rivers and enters the Australian Capital Territory (ACT) at Angle 
Bend. The Naas-Gudgenby system, including Grassy Creek, joins the Murrumbidgee at Tharwa village in the 
ACT. Tuggeranong Creek joins the Murrumbidgee near Pine Island, the Cotter (and Paddys) River upstream of 
Casuarina Sands and the Molonglo River opposite Woodstock Reserve in the ACT. The Murrumbidgee River 
reaches the Burrinjuck reservoir below Taemas Bridge on the Wee Jasper Road in New South Wales. The Yass 
River joins the Burrinjuck reservoir to form its eastern arm. The Cotter River is a rare example of a river in a 

protected catchment. The Queanbeyan River has much grazing country in the upper catchment, and meets the 
Molonglo River after passing through Queanbeyan, a city of 38,000 people. The Molonglo River is shallow and 
rain dependant, and used for agriculture and forestry, and mining in the recent past. It rises above Captains 
Flat, meanders across the Hoskinstown Plain and through the Molonglo Gorge joining with the Queanbeyan 
and Jerrabomberra Creek to form Lake Burley Griffin in the centre of Canberra. The Yass River valley has been 
an area of intense agriculture for almost 200 years. 

Fig.l. Map of the Southern Tablelands of New South Wales and the Australian Capital Territory; position of collection 

sites marked as red dots, rivers and reservoirs in blue. 
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Methods 

For some time it has been demonstrated that the circumscription of species in the Zygnemales on morphological 
characters alone is at best imperfect and at worst biologically unsound. Hoshaw and McCourt (1988) reviewed 
the many publications on Zygnemataceae since Godward (1966). Among other comments, they warned: 

‘The existence of species complexes argues against the further proliferation of new species descriptions based 
on minor morphological variations.’ (Hoshaw and McCourt 1988, p. 540) 

However, morphologically distinct forms may help in field determinations, and inclusion of these as well 
documented biological units may enhance our understanding of the ecological significance of the appearance 
(or absence) of silkweeds in waterways. However, there is often little available genetic, ecological and 
physiological data to support a more holistic species concept. 

In this paper the genera will not be separated into Sections, except in Spirogyra where informal groupings based 
on chloroplast number and end-wall form will be used. General descriptors indicating which morphological 
characters are common to groups of taxa, in the manner of Gauthier-Lievre (1965) is provided. 

Hainz et al. (2009) present a well-defined set of thirteen filament groupings, which they called morphotypes, 
for Spirogyra from central Europe based on cell width and number of chloroplasts that could be associated 
with environmental parameters. The environmental data collected in this study is insufficient to replicate 
that work. The Lewis and Entwisle (2007) separation of vegetative groups in Spirogyra is simplified here. The 
separation on the basis of end-wall form and number of chloroplasts is retained, but the width of the filaments 
is no longer used, giving four Spirogyra vegetative groups. 

Table 1. Vegetative groups in Spirogyra used here. 

Vegetative Group End-wall form Number of Chloroplast ribbons 

Spirogyra A Plane Single, rarely 2 

Spirogyra B Plane 2-5, generally 4 

Spirogyra C Plane 6 or more 

Spirogyra S Replicated 1-2 

The circumscription of species descriptions presented in this paper is based on field collections. Where there 
is information to indicate a broader species concept it will be included. As a minimum each description for a 
taxon requires the:- 

• range of width of the vegetative cells; 

• range in number of the chloroplast ribbons; 

• general shape of the zygospore; 

• colour of the mature zygospore; and 

• ornamentation of the mesospore (Hoshaw et al., 1987, McCourt and Hoshaw 1990). 

While some samples were collected as part of vegetation surveys of the rivers of the region, many collections 
were opportunistic. Much of the material is preserved as semi-permanent slides with material mounted in 
Karo, and some are accompanied by small collections preserved in 70% ethanol. Specimens were examined 
with a Leitz Labalux research microscope and drawing arm. Collections are held in the National Herbarium of 
New South Wales (NSW). 

Water quality data (see Appendix 1) are taken from the Upper Murrumbidgee Waterwatch database for the 
years 2007-2013 (http://www.act.waterwatch.org.au/). 

Appendices 2 and 3 present the data upon which the biogeographical comments are based. 
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Results 

Part 1: Species descriptions: 

Mougeotia C.Agardh, Systema algarum 83 (1824), nom. cons. 

Type species: M. genuflexa (Roth) C.Agardh 

Zygospore formed in conjugation tube, with spurs into each end of the gametangial cells. 

Mougeotia sp. aff. quadrangulata Hassall Annals and Magazine of Natural History, 12:434 (1843). Lewis and 
Entwisle Zygnemaceae : 114, fig. 33A (2007). 

Type: Kent, England (BM n.v.) 

Vegetative cells cylindrical, 11-12 pm diam., length/diameter (L/D) 5-10+, with paired saucer end-walls, and 
a broad ribbon chloroplast with 2-6 pyrenoids in a line. 

Conjugation scalariform, with zygote forming in the disintegrating conjugation tube and the cell ends, quadrate 

and narrowly box-like with short spurs in each cell remnant, 27-39 pm long, 24-27 pm diameter, 18-25 pm; 
exospores clear and smooth, mesospore dull buff, smooth or with tiny spots. Fig. 2a-c. 

Distribution: Mougeotia quadrangulata is found across Europe, North and South America, Africa generally 
and China. It has been previously reported in Australia in the Northern Territory (Lewis and Entwisle, 2007). 

Specimen examined: New South Wales: Southern Tablelands: Burra Creek, 3 km downstream of the gauging 

station below Burra Road bridge, side pool as part of metaphyton, 15 May 2012 (S. Skinner 972.1) 

This site generally has pH 8.0-8.9, Electrical Conductivity 430-600 pS.cm1, and turbidity of <10 NTU. Flow is 
generally low, with pulses following rain storms. 

This taxon keys to M. quadrangulata in Transeau (1951) and Kadlubowska (1984), but does not fit the 
descriptions very well. It has only 4-6 pyrenoids in the chloroplast in vegetative cells, has rounded, block-like 
spurs on the corners of the zygospores, and the punctae are well under 1pm across. As well, the arms of the 
gametangia are very short. In Randhawa (1959) it keys to M. quadrata Randhawa. Kolkwitz and Krieger (1941), 
and Kadlubowska (1984) place Randhawas (1938) M. quadrata in M. paludosa G.S.West, but the present 
specimen has similarities with both M. paludosa and M. quadrangulata. The Burra Creek specimen agrees well 
with the dimensions in Randhawa (1959) for M. quadrata but the spurs on the corners of the zygospores are 
more pronounced. As M. quadrangulata is the oldest described taxon, and further work may reveal a species 
complex, it appears to be the most suitable name for affinity. 

Zygospore formed wholly within the conjugation tube 

Mougeotia lamellosa Jao American Journal of Botany 23:60, fig. 36-37 (1936). Jao 1988, Flora Algarum Sinicum 
aquae dulcis, 1: 42, Pi. XL, figs 1-4. Kadlubowska 1984, Zygnemales: 68, fig 75. Randhawa 1959, Zygnemaceae: 
137, fig 38. Transeau 1951, Zygnemataceae: 97, Pi. XV, figs 18-19. 

Type: rice farm, Kiangpei, China, Jan 1933 MICH, No S404:M1) n.v. 

Vegetative cells cylindrical,28-33 pm diam.,L/D 7-10+,paired saucer end-walls, and abroad ribbon chloroplast 
with 8-12 prominent pyrenoids more or less in two rows. 

Conjugation scalariform; zygospore formed wholly within the persistent conjugation tube, lozenge shaped 
with short ends perpendicular to filaments in the retained ends of the conjugation tube, (38-) 43-50 pm long, 
29-33 (-36) pm short axis; exospores clear, thick and lamellate in the conjugation tube, mesospore golden 
brown, very finely scrobiculate all over. Fig. 2d, e. 

Distribution: south western China, France; reported in Australia for the first time. 

Specimen examined: New South Wales: Southern Tablelands: Doyle Reserve, Barracks Flat, Queanbeyan, 
drain and ephemeral swamp, as rafts among sedges in waterless than 10 cm deep, 23 Oct 2013 (S. Skinner 1012.1). 

No water quality data. 

Although the dimensions are slightly larger, the Doyle Reserve material is a close fit for the description in Jao 
(1936) and Jao (1988). The difference in sculpturing (dimples rather than warts) is distinctive; however, while 
M. robusta (de Bary) Wittrock and M. subellipsoidea Islam also have ellipsoid zygospores with dimples, neither 
is reported to have a thickened, lamellose exospore . There may be a species complex around M. robusta. 
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d 

Fig. 2. a, b, c Mougeotia sp. afF. M. quadrangulata, a, c zygospore, side and top views, b. vegetative cell (Burra Creek, NSW, 

S. Skinner 972); d,e M. lamellosa, d. vegetative cell, e. mature zygospore (Doyle Reserve, Barracks Flat, Queanbeyan, NSW, 

S. Skinner 1012.1) All scales 20 pm. 

Sirogonium Kiitzing, Phycologia Generalis 278 (1843) 

Type: S. sticticum (Sm.) Kiitzing 

Sirogonium sticticum (Sm.) Kiitzing, Phycologia Generalis 278 (1843) 

Conferva stictica Sm. English Botany, Plate 2463, fig. A (1813) 

Choaspis stictica Kuntze, Revisio generum plantarum, 2: 887 (1891) 

Type: England, probably not designated. 

Vegetative cells, broad and cylindrical, 48-52(-62) pm diam., L/D 3.5-8, end walls plane; 3-5(or 6) chloroplast 
ribbons, straight or slightly sigmoid, numerous pyrenoids. 

Conjugation by adhesion; donor cell a short (L/D 1-1.5,48-50 pm diam.) cell in (or sometimes terminal to) 
donor filament, adheres to the lateral wall of the receptor cell; receptor cell inflated towards the donor cell, 
tending to barrel-shaped, 125-170 pm long, 110-125 pm diam.). Zygote formed wholly within the receptor, 
irregular ovoid, variable, 109-131pm long, (76-)90-109 pm diam.; exospore clear, thin; mesospore thick, 
smooth or with very fine connective wrinkles, red-brown. 

Distribution: Cosmopolitan; in Australia South Australia, Victoria and New South Wales (as S. floridianum 
Transeau) 
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Specimens examined: Australian Capital Territory: [New South Wales] Southern Tablelands: Namadgi 
National Park: Orroral River, causeway, Orroral River Campground, 17 Nov 2007 (S. Skinner 909) Beltana St, 
Pialligo, soil under nursery benches, 22 Sep 2007 (S. Skinner 889) and 27 Oct 2007 (S. Skinner 897 & O. Petkovic) 

Orroral River pH 7.0-7.5,50-95 pS.cnr1, <10-15 NTU; Pialligo. no water quality data available. 

Borge (1913), citing as Spirogyra stictica (Engl. Bot.) Wille, provided a wide definition for S. sticticum to 
encompass three of Kutzings taxa and Choaspis stictica Kuntze and allowed for 2-6 chloroplasts and 38-62 
pm diameter cells. Hoshaw (1980) retained the separation of S. sticticum and S.floridianum at 56 pm in Key B, 
having reduced the number of taxa by some amalgamations, including S. megasporum (Jao) Transeau within 
S. sticticum. 

S. Skinner 889 and S. Skinner 897 clearly fit S. sticticum. There are 3 or 4 almost straight chloroplasts and the 
vegetative cell width is 48-51 pm. A few of the donor cells display the rudiments of a wide donor conjugation tube. 

S. Skinner 909 has 5 or 6 slightly sigmoid chloroplasts and the cell diameter range is 51-59 pm. While these 
characters are those for S. floridianum Transeau, the separation of taxa on cell width alone is not well supported 
in the Zygnemales. However Lewis and Entwisle (1998) reviewed the older records for these two taxa, and note 
that the cell diameter range given for the collections from the New England tableland (60-65 pm diameter for 
vegetative cells, 5 chloroplasts; Skinner 1980) suit S. floridianum. 

Stancheva et al. (2013) have shown that Sirogonium may be genetically part of one of two groups of Spirogyra 
with numerous chloroplasts per cell. For the present the genus is retained here. 

Spirogyra Link in C.G.D Nees von Esenbeck, Horae Physicae Berolinensis 5 (1820) 

T: S.porticalis (O.F.Mull.) Cleve 

Vegetative cells usually short (Length/Diameter ratio (L/D) <1.5), end-walls plane, with numerous (6 or more) 
closely packed chloroplast ribbons Spirogyra C 

Spirogyra maxima (Hassall) Wittrock in Wittrock & Norsdtedt, Algae aquae dulcis exsiccatae Nr. 460 (1882); 

var. minor Moebius in Abhandlungen der Senckenbergischen naturforschenden Gesellschaft. Frankfurt au Maine, 
Bdl8:334(1894); Bailey in Botany Bulletin No. XI, Department of Agriculture, Brisbane: 35, plate IX, figs 2-4 (1895) 

Spirogyra moebii Transeau in Transeau et al. Transactions of the American Microscipal Society 53: 225 (1934). 

Type: Dalby, Queensland, May 1893 (TL Bancroft) (herbarium Frankfurt, lost in WWII) 

Vegetative cells shortly cylindrical, 66-83 pm diam., L/D l-3(-4), end-walls plane; 8-10 chloroplast ribbons, 
V2 -1 turn, with numerous small pyrenoids. 

Conjugation scalariform or incomplete; donor and receptor cells similar to vegetative cells; conjugation tube 

two funnels; zygospore forms in receptor. Zygospore domed, round to slightly ovoid lenticular, 59-71 pm long, 
66.5-78 pm diam., exospore clear, thick; mesospore with smooth rim and irregularly reticulate and pitted 
surface, red-brown. Fig. 3b, c. 

Distribution: Cosmopolitan, in Australia reported from Queensland (see Lewis and Entwisle 1998). Collections 
which may fit this species have been made in other parts of the Murray-Darling basin, but await further study. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tableland: mouth of 

Freshford Creek, Red Rocks Gorge, Murrumbidgee River Corridor,, 29 Feb 2008 (S. Skinner 934 & L. Johnston); 
waterfall, creek in John Knight Memorial Park, Lake Ginninderra,, 16 Oct 2007 (S. Skinner 896) [this constructed 
wetland is filled from the East Arm of Lake Ginninderra] 

Freshford Creek pH 7.8-8.7, EC 75-160 pS.cm'1, Turbidity <10-20 NTU; Lake Ginninderra pH 7.1-8.3, EC 
140-320 pS.cnr1, Turbidity <10-56 NTU. 

Earlier reports of S. moebii from Australia were considered doubtful by Lewis and Entwisle (2007). 

The connexion of the conjugation tubes is fragile, and there were several runs of apomictic spores with domes 
on the lateral wall of the gametangial cell in S. Skinner 934. Bailey’s (1895) transcription of Moebius’ notes 
includes a reference to such irregularities in the Type collection. 

S. Skinner 934 has similar dimensions to other descriptions in the literature. The number of chloroplasts 
in most descriptions is 6-8. In S. Skinner 896 the cell dimensions (66-75 pm diameter for vegetative cells) 
are slightly reduced and the zygospore diameter (72.5-90 pm) a little large, but the major variation is in the 
number of chloroplast ribbons, of 3-6, with 3 being the most frequent. Both these collections have zygospores 
(and aplanospores) with very similar sculpturing. 
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Fig. 3. a Spirogyra hassallii, lateral conjugation (Grassy Creek, ACT, S. Skinnerl005 and L Johnston); b,c S. maxima 

var. minor, b. detail of sculpturing of mesospore, c. zygospore in receptor (Freshford Creek, ACT, S. Skinner934 and 

L. Johnston); d. Spirogyra sp. aff. S. multistrata, conjugation with mature zygospore (Conder Wetlands, ACT, S. Skinner928); 

e,f S. amplectans, lateral conjugation and zygospore from above (Bradleys Creek, Googong Foreshore, NSW, S. Skinner 1011 

and A M Hoefer)-, g, h S. chenii, g. scalariform conjugation, h. lateral conjugation (Burra Creek, NSW, S. Skinner972); 

i Spirogyra sp. aff. S. reflex a, scalariform conjugation with mature spores (Queanbeyan River, Doeberls Point, NSW, 

S. Skinner 1021 and J-M Crouch); j, lc S. carolinianafl. scalariform conjugation, k. zygospore from above (Murrumbidgee 

River, Angle Bend, ACT, S. Skinner900 and L. Johnston). Scale bars for a, c-k 20pm; b. 10 pm. 
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Fig. 4 a,b,c Zygnema sp. aff. Z. subfoveolatum, a. scalariform conjugation, b,c. mature zygospores, lateral and top view 

(retention dam, Mt Taylor, ACT, S. Skinner 888); d,e Zygnema sp. aff. Z. synadelphum, d. mature zygospore, e. attachment 

cushion between filaments (dam at head of Woolshed Creek, ACT, S. McArdle-English and A Westcott S. Skinner959); 

f. Z. subcylindricum, intercalary akinetes (Burra Creek, NSW, S. Skinnerl041, P Duffy, B Geikie); g. Zygnema sp. aff. 

Z lenticulare, zygospore (Frog Pond No 2, Mulligans Flat Nature Reserve, ACT, S. Skinner 893); Zygnema chungii, 

h. scalariform conjugation, i. attachment cushion for filament, j. zygospore top view (Queanbeyan River, Doeberls Point, 

NSW, S. Skinner 1021 and J-M Crouch). All scale bars 20pm. 
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The curious case of the name ‘Spirogyra moebii' 

Here is Moebius’ (1894,334-335) protologue, the contents of square brackets are my interpolations: 

51. Sp[irogyra] maxima (Hassal) Wittr[ock]. var. minor nov. var. 

[Type:] Dalby, Darling Downs, Queensland, pond. May 1893. 

A variety in which the vegetative cells are 78-80 pm thick, 2-3 times longer than broad, and with an 80 pm long 
(sic) [diameter] zygote, [from the Latin] 

The present alga can be distinguished from the typical form by means of the slimmer cells and smaller spores, 
and, as it conforms in the remaining characters, it can be seen as a new variety. In the typical form the vegetative 
cells are 77-160 pm, mostly 132-138 pm, thick and hardly longer, the same size or actually shorter than the 
diameter, (and) the spores 102-115 pm long and 77-84 pm thick. [In this new variety] here we have cell and 
spore measurements as described above. The cells have 6-8 chlorophyll-bands making Vi -1 turn. The receptor is 
not swollen, but shorter than vegetative cells. The spores are lenticular (discoid) and depending on aspect seen as 
circular or ellipsoidal, with, at maturity, a golden brown membrane. In copulation repeated anomalies occur, of 
which I will describe one here. The copulation tube from one filament may meet the cross-wall in another filament, 
and the cells on either side of the cross-wall will produce a conjugation tube, and the resulting three tubes become 
coalescent with one-another, sometimes with outgrowths. Without some membrane [cell-wall] re-absorbance, it 
would be hard to establish which two cells are actually copulating. 

Sp. maxima is known from Europe, North America, Argentina and Uruguay, [from the German] 

There is no iconotype of S. maxima var. minor but Pi IX figs 2-4 in Bailey (1895) are from Moebius pencil 
drawings sent to Bailey. In the spores in fig. 2 there is no indication of the reticulate mesospore sculpturing 
described for S. maxima more generally. The specimen may well have been destroyed during the bombing of 
the Frankfurt Botanic Gardens during the World War II. The above notes agree with what is in Bailey (1895). 

Moebius’ concept of Spirogyra maxima is interesting, as his mostly 132-138prh cell diameter would fit in 
the middle of the range outlined in Borge 1913. Borge was the one to emphasise the reticulated pitting of the 
mesospore wall. Borge (1903) presented what he claimed were the first illustrations of mesospore sculpturing 
for Spirogyra maxima, in response to a comment by Lagerheim. 

Neither Borge (1913) nor Czurda (1932) include reference to Moebius’variety in their S. maxima citations. 

Transeau (1934) made the name change from S. maxima var. minor to S. moebii without a description, and stated 
that such a taxon fitted an alga ‘recently collected by Taft in Oklahoma (USA)7 Transeau is the source of much 
confusion, giving 1895 as the date for the Moebius description. This confusion is compounded by Transeau 
(1951) who cited Moebius (1892) Flora, page 421, which mistake is copied in Kadlubowska (1984) and Jao (1988). 

Kolkwitz and Krieger (1944) who cited Moebius correctly, provided figs 667 and 668 for S. moebii, and credit 
them to Borge. Those figures appear to be redrawn, reversed, from figures 18 and 21a for Spirogyra maxima 
in Borge (1903). Borge stated that fig. 18 was of thecremarkably small zygospores’ in Malme’s collection from 
Morrinho, Brazil, while the citation for fig. 21a is Erlangden, Bavaria, collected by Gluck in August of 1888 
(Borge, 1903, p. 285). 

The Type specimen, the collection mentioned in the protologue, is missing. 

The description in Moebius (1894) and Bailey (1895) does not mention sculpturing. The illustrations in Bailey 
(1895) do not provide clarity about sculpturing. 

The renaming by Transeau (1934) has insufficient detail to confirm identity, and may only refer to the 
Oklahoma specimen with any certainty. The figures in Kolkwitz and Krieger (1944) are inappropriate. 

Reversion to the Moebius citation appears the most appropriate course of action, until a suitable collection or 
set of collections can be made in Dalby and the surrounding Darling Downs, Queensland. 

Spirogyra megaspora (Lagerheim) Transeau, Ohio Journal of Science34:420 (1934). 

S. maxima (Hass.) Wittrock forma megaspora crassa Lagerheim in Wittrock & Nordstedt, Algae exsiccatae Nr. 
745: 956(1883) 

Vegetative cells shortly cylindrical, 174-189pm diam., L/D 1.25-3, end-walls plane; 10-12 chloroplast ribbons, 
almost straight, numerous pyrenoids. 

Conjugation scalariform; donor and receptor cells similar to vegetative cells; conjugation tube cup + socket’ 

from donor; zygospore formed in receptor. Zygospore round to ovoid lenticular, 145-160 pm diam., c. 20 pm 
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thick; exospore smooth, lamellate, clear 2.5 pm thick; mesospore two layered, outer reticulate, inner finely 
pitted, chocolate brown. 

Distribution: Europe and South America, newly reported for Australia. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tablelands: marsh, 

John Reserve (north of archery butts), Holder, 23 May 2009 (S. Skinner 956). 

Weston Creek, pH 7.0-8.1,190-790 pS.cm'1; 10-15 NTU 

The thin, almost straight chloroplasts are reminiscent of those in Sirogonium sticticum. Like Sirogonium, when 
handled this material was quite cartilaginous, and while silky, distinctly not greasy as many other silkweeds 
are. The very reduced socket of the receptor part of the conjugation tube is another morphological indication 
of similarity to Sirogonium. 

Drummond et al. (2005) suggest strongly that DNA analysis supports the inclusion of the Spirogyra maxima 
complex within a more broadly defined Sirogonium. Hoshaw, Wells and McCourt (1987) demonstrate that 
material which fits the description of S. megaspora has 12 chromosomes, and is described as strain D of their 
S. maxima complex. With twelve or more already described taxa that could be included using morphology in 
an expanded S. maxima, it would serve little purpose to describe more until the genetics and physiology are 
better known. Stancheva et al. (2013) have shown that there may be two groups of species in Spirogyra with 
large numbers of chloroplast ribbons per cell, and that species presently assigned to Sirogonium may be found 
in one of these groups. 

Further detailed examination of both S. maxima var. minor and S. megaspora may lead to their inclusion in 

not only an expanded S. maxima, but also transfer to the genus Sirogonium or, possibly more likely, Sirogonium 
being included in Spirogyra. 

Vegetative cells usually long (L/D >2), end-walls plane, with 4 (2-5) chloroplast ribbons Spirogyra B 

Spirogyra sp. aff. dubia Kiitzing, Species Algarum 441(1849); Lewis and Entwisle Zygnemaceae: 125, fig. 39A (2007). 

Type: probably not designated. 

Vegetative cells cylindrical, 36-40 pm diam., L/D4-8, end-wall plane; 4 chloroplast ribbons. 2-3 turns, 
pyrenoids numerous. 

Conjugation scalariform, receptor slightly inflated all round and then purse-like; conjugation tube funnel + 
socket, more from receptor side. Zygote ellipsoidal to cylindrical with rounded ends, 81—87(—119) pm long, 
45-48 pm diam.; exospore smooth, pearly (laminated?); mesospore smooth, yellow brown (possibly immature). 

Distribution: cosmopolitan; widespread in Australia. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tableland: Giralang 

Pond, Giralang, 22 Oct 2007 (S. Skinner 957.3 & R. McConville). 

pH 7.8-8.4,230-390 pS.cm1; 10-25 NTU 

Close to the description in Lewis and Entwisle (2007) but as the material is not fully mature and the exospore 
appears to be laminated the distinction is preserved. This material is a candidate for narrower forms of a 
S. neglecta complex. 

Spirogyra neglecta (Hassall) Kiitzing, Species Algarum 441(1849); Kolkwitz Sr Krieger, Rabenhorsts 
Kryptogamen-Flora, 13,2: 351, fig 491 (1944); Lewis and Entwisle, Zygnemaceae: 132, fig 39C (2007) 

Zygnema neglectum Hassall, Annals and Magazine of Natural History 10: 37(1842). 

Type: Cheshunt and Tunbridge Wells, Kent, England. BM n.v. 

Vegetative cells 61-67 pm diam., L/D 2.5-5(-6), end-walls plane; 4 chloroplast ribbons, 1.5-3 turns, pyrenoids 
numerous. 

Conjugation scalariform; donor and receptor as vegetative cells; conjugation tube two funnels, from both 

gametangia. Zygospore ovoid ellipsoid, (78—)87—96(—102) pm long, 52-58 pm diam.; exospore clear, thin and 
smooth; mesospore two layered, outer layer clear, irregularly wrinkled, inner layer smooth, mid brown. 

Distribution: Cosmopolitan; in tropical and temperate Australia. 

Specimen examined: New South Wales: Southern Tablelands: farm dam, 607 Gum Lane, via Yass, 12 Nov 
2012 (S. Skinner 980 & R. Lawton). 

pH 7.5; 27 NTU; 100 pS.cm'1 
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The double layered mesospore is not noted in flora descriptions, but form and dimensions similar; this form is 
clearly part of the S. neglecta complex. 

Spirogyra punctulata Jao, American Journal of Botany, 23: 57, figs 13-14 (1936). 

Type: western China 

Vegetative cells cylindrical, (59-)64-71 pm diam., L/D 3-6, end-wall plane; 4 chloroplast ribbons, two turns, 
numerous pyrenoids. Rhizoids extending from some cells of some filaments. 

Conjugation scalariform (or abortive); donor and receptor as vegetative cells; conjugation tube cylindrical, 

from both gametangia (closed on donor side if abortive). Zygospore (including autospore) ellipsoidal to 
cylindrical with rounded ends (triaxial ellipsoid?), 74-88 pm long, 52-57 pm diam.; exospore slightly pearly, 
thin and smooth; mesospore wrinkled, finely scrobiculate, rich brown. 

Distribution: China, reported here for Australia. 

Specimen examined: New South Wales: Southern tablelands: farm dam, Talaheni, via Murrumbateman, 

23 Oct 2012 (S. Skinner 978). no water quality data 

While there were some successful zygotes, and filaments had clearly paired for reproduction, the frequent 
autospores may have been induced by a chitrid or similar aquatic fungal infection, prominent in the collection. 
Like the previous taxon, this may very well represent a form within a S. neglecta complex. The general 
morphology conforms to descriptions in Kolkwitz and Krieger (1944), Jao (1988) and Kadlubowska (1984) 
but the diameter of the cells is slightly narrower. Talaheni is no more than 20 km south east of 607 Gum Lane 
and both farm dams were zoned wetlands with diverse biota showing minimal stock damage. 

Spirogyra sp. aff. multistrata Zheng & Ling, Oceanographica Limnologica Sinicia 10: 290, Pi 2,5-6 (1979); Jao, 
Zygnemataceae, 101, Pi XXXVIII, 7-8 (1988). 

Type: China, n.v. 

Vegetative cells cylindrical, L/D 2.5-10 +, 29-33 pm diam., end-walls plane; 4 chloroplast ribbons, one complete 
turn; numerous pyrenoids. 

Conjugation scalariform; donor cell as vegetative cell, shorter; receptor inflated on all sides, 43-52 pm diam., 

conjugation tube two funnels. Zygospore ovoid ellipsoid (biaxial ellipsoid), (74-)86-100(-109) pm long, 
43-52 pm diam.; exospore thick, laminated, clear; mesospore wrinkled and with small pits, bronze brown. Fig. 3d 

Distribution: China, reported here for Australia. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tablelands: Conder 

Wetlands, Tom Roberts Drive, Conder, 4 Feb 2008 (S. Skinner 928). 

pH 7.0-8.9,100-320 pS.cnr1; median of 20 NTU 

This taxon is narrower than the description for S. multistrata, otherwise similar. The biaxial ellipsoidal shape of 
the spore relates this taxon to S.formosa and S. crassa, but those taxa have numerous chloroplasts. The spelling 
follows Jao (1988). 

Further research into these four morphological forms, especially DNA analysis, determination of ploidy 
levels and field and in vitro observations of the impact of environmental pressures, may place all of them 
in an expanded Spirogyra neglecta or S. fluviatilis. The comparison of field collections of morphospecies of 
S. fluviatilis in the Douglas and Daly Rivers in northern Australia (Schult et al. 2007) indicates the range of 
cell widths and chloroplast numbers that these species complexes can take, and how single collections are 
snapshots of moments in time. 

Vegetative cells frequently long (L/D >2), end walls plane, with a single chloroplast ribbon Spirogyra A. 

Spirogyra chenii Jao, Sinensia 6: 587, pi 4, fig. 52 (1935). 

Kadlubowska (\985).Zygnemales:283, fig 436. Lewis and Entwisle (2007) Zygnemaceae: 121, fig. 34B.. 

Type: Nui-Kioh-To, China. CCJao5753, Nov. 1934; syn: MICH, nv 

Vegetative cells narrow cylindrical, (18-)23-26 pm diam., L/D 1.5-5(-6), end-wall plane; single chloroplast, 
l-2(-2.5) turns, 6-8(-12) pyrenoids. 

Conjugation lateral and scalariform, donor cell as vegetative cells, receptor distinctly swollen; conjugation tube 
in scalariform conjugation from the donor cell only, cylindrical. Zygospore (triaxially) ellipsoid, 39-50(-74) pm 
long, 23-29 pm diam.; exospore smooth and clear, mesospore smooth, golden or nut brown. Fig. 3, g,h. 
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Distribution: China, south eastern Australia. 

Specimens examined: Australian Capital Territory: [New South Wales] Southern Tablelands: 

Murrumbidgee R.,floodrunner pool, de Salis Cemetery, Tharwa, 13 Dec 2007, (S. Skinner 919 & Luke Johnston). 

no water data, compare Angle Bend 

New South Wales: Southern Tablelands: 3km downstream Burra Rd gauging station, Burra Creek, London 

Bridge, 15 May 2012 (S. Skinner 972); Williamsdale Road causeway, Burra Creek, Burra 18 Jan 2013 (S. Skinner 
999 and W. O’Reilly); swamp and ephemeral gutter, Doyles Reserve, Barracks Flat, Queanbeyan, 23 Oct 2013 
(S. Skinner 1012.2); pond along railway line, Tralee, 29 Aug 2011 (S. Skinner 965b) 

Burra Creek: pH 8.0-8.9; 430-600 pS.cnr1; c. <10 NTU. Queanbeyan River: pH 7.1-8.2; 90-200pS.cm1; c. <10 NTU. 

Sterile filaments of comparable dimensions are frequently encountered in rivers and creeks in the region and 
may very well be referrable to this taxon. 

Spirogyra lacustris Czurda, Susswasserflora 8:176, fig 182 (1932) 

Type: Lunz, Germany, BSR 

Vegetative cells cylindrical, 37-38(-40) pm diam., L/D 2-4, end-wall plane; single chloroplast ribbon, 2-5 

turns, numerous pyrenoids. 

Conjugation scalariform or aborted; donor and receptor as vegetative cells; conjugation tube where completed 
funnel + tube. Zygospore (triaxial) ellipsoid, 59-62 pm long, 26 pm diam.; exospore thin smooth and clear; 
mesospore smooth, golden brown. 

Distribution: widespread, reported here for Australia. 

Specimens examined: Australian Capital Territory: [New South Wales] Southern Tablelands: ford 
downstream of dam wall, Lower Tuggeranong Creek, Greenway, 2 Oct 2007 (S. Skinner 892); 

New South Wales: Southern Tablelands: Jerrabomberra Creek, Tralee, 29 Aug 2011 (S. Skinner 964). 

Lower Tuggeranong Creek: pH 7.8-9.1; 72-300 pS.cnr1; <10-20 NTU. Jerrabomberra Creek: pH 7.6-8.5,210- 
360 pS.cm1; <10-15 NTU. 

This taxon may very well represent a local form in the Spirogyra communis complex. Many of the reproductive 
cells had unopened conjugation tubes, indicating autospore formation was more common than successful 
conjugation in this collection. 

Spirogyra sp. aff. reflexa Transeau, Ohio Journal of Science 16: 28 (1915) 

Type: North America, Farlow, n.v. 

Vegetative cells short cylindrical, 36-43 pm diam., L/D 0.75-1.5, end-walls plane; single chloroplast, 1-1.5 
turns, pyrenoids 6-8. Rhizoids at ends and bends in filaments. 

Conjugation scalariform; receptor cells inflated inward, such that paired filaments bend, 58-59 pm diam.; 
conjugation tube funnel from donor. Zygospore ellipsoid, perpendicular to filament, 57-59 pm long, 29-32 pm 

diam.; exospore clear, wrinkled dike a walnut’; mesospore smooth, brown. Fig. 3i 

Distribution: North America, reported here for Australia. 

Specimen examined: New South Wales: Southern Tablelands: Doeberls Point, Queanbeyan R., Barracks 
Flat, Queanbeyan, 3 Feb 2014 (S. Skinner 1021 & J-M Crouch) 

pH 7.1-8.2; 90-200pS.cm1; c. <10 NTU. 

Spirogyra mirabilis (Hassall) Kutzing, Species Algarum 438 (1849) forma. Lewis and Entwisle Zygnemaceae: 
131, fig. 34A. (2007) 

Vegetative cells cylindrical, 31-38 pm diam., L/D 1.5-8 end-walls plane; single spiral chloroplast, 1-3 turns, 
6-8+ pyrenoids. 

Conjugation absent; autospores in long series. Conjugation tube, where present, an abortive dome. Autospore 
elliptical, sometimes oblique in generative cell, 45-55(-61) pm long, 24-35 pm diam.; exospore clear, smooth 
and thin; mesospore smooth, thin, sometimes collapsed, yellow-brown to golden brown. 

Distribution: cosmopolitan, reported from south-eastern Australia. 
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Specimens examined: Australian Capital Territory: [New South Wales] Southern Tableland: Giralang 

Pond, Giralang, 22 Oct 2007 (S. Skinner 957.3 and R. McConville); 

New South Wales: Southern Tablelands: pond along railway line, Tralee, 29 Aug 2011 (S. Skinner 965). 

Giralang Pond: pH 7.8-8.4,230-390 pS.cnr1; 10-25 NTU. No water quality data for Tralee. 

One of four smooth spored taxa with autospore/parthenospore formation in Kolkwitz and Krieger (1944) and 

Transeau (1951) and eight in Kadlubowska (1984). S. maravillosa Transeau, with 2-3 chloroplast ribbons, has 
a similar morphology. S. azygospora Singh has five chloroplasts and lenticular spores and much wider cells, as 
does S. wrightiana Transeau, with 6-8 chloroplasts and ellipsoid spores. S. gujaratensis Kamat, with ellipsoid 
spores, and S. kamatii (Kamat) Kadlubowska, with lenticular spores, have 2-5 chloroplasts and are wider than 
S. maravillosa. The two other taxa in Kadlubowska (1984) have replicate end-walls. 

These vegetative cells are slightly greater in diameter than those described in other publications (21-27(-33) pm 
in Kolkwitz and Krieger (1944), 21-28(-33) pm in Jao 1988). This may indicate that these collections are not 
genetically related to those in other parts of the world, or alternatively, the range of cell diameters needs to be 
broadened. Collections from Bool Lagoon in South Australia (Skinner 1986) have cells with 28-32 pm diam. and 
those from Victoria in Lewis and Entwisle (2007) 23-33 pm diam. and conform more closely to overseas material. 

Vegetative cells often very long and narrow (L/D> 3), end walls replicate, with a single chloroplast ribbon, 
occasionally two, Spirogyra S. 

Spirogyra hassallii (Jenner) Petit, Les Spirogyres des environs de Paris, 13, pi 2 fig 6-7 (1880). Randhawa 1959 
Zygnemaceae: 367, fig 396. 

Zygnema hassallii Jenner, Flora of Tunbridge Wells, 182 (1845) 

Type: Tunbridge Wells, United Kingdom. BM? (n.v.) 

Vegetative cells cylindrical, 26-28(-29) pm diam., L/D 5-10+, end-walls replicate; single chloroplast ribbon, 
2-4 open turns, pyrenoids numerous. 

Conjugation both scalariform and lateral; receptor less than 20% inflation; conjugation tube funnel to funnel 

from both gametangia. Zygospore ellipsoid to cylindrical with rounded ends, 78—93(—154) pm long, (26-) 
34-41 pm diam.; exospore thin, smooth and clear; mesospore, thick, mid brown. Fig. 3a. 

Distribution: northern hemisphere, newly reported for Australia. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tablelands: Namadgi 

National Park: Boboyan Road bridge, Grassy Creek, 9 May 2013 (S Skinner 1005 & L. Johnston) 

Lewis and Entwisle (2007) rejected previous records of this species for Australia. 

The single chloroplast rather than two per cell is the main distinction between S. Skinner 1005 and previous 
descriptions.. The filament width and the conjugation tube from both sides suggest a possible relationship. This 
doesn’t fit S. hopeiensis Jao, with similar filaments and spores, but conjugation tube from donor gametangia only. 

Spirogyra caroliniana Dillard, Phycologia 7: 1, fig.l (1969). Kadlubowska, Susswasserflora Mitteleuropa, 16: 
449, fig 699(1984) 

Type: spring pool, Millwee Creek, South Carolina (USA). US National Herbarium, GD-3-2867-2a. n.v. 

Vegetative cells cylindrical, 23-28 pm diam., L/D 2.5->10, end-walls replicate; single chloroplast ribbon, 2-3 
turns, pyrenoids 15-20. Filaments attach to substrate with mucilage plugs. 

Conjugation scalariform; receptor inflated, forming cylinder around the zygospore; conjugation tube from 

donor cell. Zygote ellipsoid, (49-) 61-73 pm long, 29-35 pm diam.; exospore thin, smooth and clear; mesospore 
two layered, smooth, rich brown. Fig. 3j, k 

Distribution: South Carolina, USA, newly reported for Australia. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tablelands: riffle, 

Murrumbidgee River, Angle Bend, 15 Nov 2007 (S. Skinner 900 and L. Johnston) 

pH 8.2; 22 NTU; 71 pS.cm'1 

The cylindrical swelling of the receptor and the conjugation tube developing from the donor, place this 

collection in S. caroliniana. 

Spirogyra sp. aTi.farlowii Transeau, Ohio Journal of Science 16: 29 (1915). Lewis and Entwisle Zygnemaceae: 
125, fig. 41 C,D (2007). 
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Type: probably not designated. 

Vegetative cells cylindrical, 25-26 pm diam., L/D 2-8, end-walls replicate: chloroplast ribbons l(-2), 5-6 turns, 
pyrenoids numerous. 

Conjugation scalariform, receptor inflated towards the conjugation tube; conjugation tube mainly from 

receptor. Zygospore more or less cylindrical with rounded ends, c. 76 pm long, c. 36 pm diam.: exospore thin, 
smooth, clear; mesospore smooth, thick, brown. 

Distribution: widespread, south-west and south-east Australia. 

Specimen examined: New South Wales: Southern Tablelands: farm dam, Tin Hut Dam Creek watershed/ 

catchment, London Bridge Road, Burra, 10 Sep 2013, A. Jones (S. Skinner 1009.6) 

no water quality data 

There is no other taxon in this section of the genus where the conjugation tube is derived only from the 
receptor. 

It is possible that the form of the conjugation tube may be as plastic a character as vegetative cell width and 
possibly form and degree of inflation of receptor and the smooth spored, replicate end-walled Spirogyra species 
may form one or a small number of species complexes. 

Spirogyra amplectans Skuja, Algae in Handel-Mazzetti, Symbolae Sinica 1: 85, figs 9-11 (1937). 

Type: Szechwan Province, China, 4100m altitude, (n.v). 

Vegetative cells cylindrical, 15-25 pm diam., L/D 3-10+, end-walls replicate; single chloroplast ribbon, 2-4 

turns, pyrenoids 6-10. 

Conjugation lateral, rarely scalariform; receptor cell bulging inflation; conjugation tube in lateral conjugation 

slightly larger on donor side. Zygospore ovoid ellipsoid, 55—88(—95) pm long, 26-40 pm diam.; exospore thin, 
clear; mesospore two layers, upper reticulate, inner with irregular pits, golden brown. Fig. 3e, f 

Distribution: China, newly reported from Australia. 

Specimen examined: New South Wales: Southern Tablelands: Bradleys Creek, Googong Foreshores, ford at 
end of fire trail, 20 Oct 2013 (S. Skinner 1011 and A-M Hoefer). 

no water quality data 

The Bradleys Creek sample is close to the species as described and illustrated in Kolkwitz and Krieger (1944) 
Randhawa (1959) and Jao (1988) except that the exospore appears smooth rather than finely papillose. 

Zygnema C.Agardh, Systematica Algarum 77 (1824) 

Type: Z. cruciatum (Vaucher) C.Agardh 

Zygospores formed in the receptor 

Zygnema sp. aff. subfoveolatum Chian f. mengtzense Chian, Acta Phytotaxonomica Sinica 19: 131 (1981) 

Type: Lake Nanhu, near Mengte, Yunnan, China, April 1974. YN:7401. 

Vegetative cells shortly cylindrical, 22.5-24 pm diam., L/D 1.5-3, end walls plane; two stellate chloroplasts. 

Conjugation scalariform; zygospore formed in receptor, encapsulate. Outer spore wall (capsule) clear, disappears 
with maturity; mesospore flat-topped discoid, ± circular in face view, 33-38 pm diam., 16-18 pm thick, with 
a central lip on rim; sculpturing of deep, large, quadrate scrobiculae, 5-7 pm diam., golden brown. Fig. 4a-c 

Distribution: China, newly reported for Australia. 

Specimens examined: Australian Capital Territory: [New South Wales] Southern Tablelands: retention 
dam, head of Weston Creek, Waldock St, Mt Taylor, 5 Sep 2007 (S. Skinner 888), 31 Oct 2007 (S. Skinner 898). 

This taxon is very close to the Chian (1981) forma, but also has some resemblance to Z. reticulosporum 
Gauthier-Lievre as described in Kadlubowska (1984). 

Zygospores formed in the conjugation tube 

Zygnema sp. aff. lenticulare Jao & Hu, Oceanographica Limnologica Sinica 9:195, plate 1, figs 8-9 (1978) 

Type: China, n.v. 

Vegetative cells cylindrical, 26-27 pm diam., L/D (1.5-)3-4, end walls plane; two stellate chloroplasts. 
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Conjugation scalariform; Zygospore in conjugation tube, encapsulate. Zygospore depressed globose; outer wall 
(capsule) clear, retained at maturity, 30-35 pm diam.; mesospore scrobiculate, dimples shallow, moderately 
large (2.5-3.5 pm diam.); dull blue. Fig. 4g 

Distribution: China, newly reported from Australia. 

Specimen examined: Australian Capital Territory: [New South Wales] Southern Tablelands: Frog- 

pond No. 2, Mulligans Flat Reserve, Forde, 10 Oct 2007 (S. Skinner 893). 

This taxon is clearly in the Z. coeruleum Czurda group, and is similar to Z. porcatum Jao & Hu but does not 
have a rim or an aereolate capsule. 

Zygnema sp. aff. synadelphum Skuja, Acta Hortus Botanicus Universitas Latviae 1:109, Pi 1, fig.2a (1926). 

Type: Latvia. UPS n.v. 

Vegetative cells cylindrical, (17-) 21-26 pm diam.,L/D 5-7, end-walls plane; two stellate chloroplasts. Filaments 
may form a loose reticulated matrix, with mucilage pads and knees in the filaments at junctions. 

Conjugation scalariform; zygospore formed in conjugation tube and partly in receptor, encapsulate. Zygospore 
discoid, with a raised median rim 2-3 pm wide, face view ovoid to chordate, (28—)33—38 pm diam. inside rim. 
Mesospore scrobiculate, large dimples 2.5-3.5 pm in a radiating pattern; royal blue. Fig. 4d, e 

Distribution: cosmopolitan, name may appear in environmental reports for Australian locations. 

Specimens examined: Australian Capital Territory: [New South Wales] Southern Tablelands: spring- 

fed farm dam at head of Woolshed Creek, Majura Valley, 31 Aug 2010 S. McArdle English & A. Westcott, 
(S. Skinner 959). 

pH 7.5-8.0; 70-170 pS.cm1; <10-20 NTU 

The net-like habit of the filaments in the Woolshed Creek specimen may be a response to local water conditions. 
The material was suspended as barely submerged rafts and the array may have increased the Reynolds Number 
sufficiently to hold the filaments in suitable position for photosynthesis without gas bubbles. Stancheva et al. 
(2012) report similar knees in Z. californicum Stancheva, J.D.Hall and Sneath where the filaments met the 
substrate. The cell diameter is a little narrow for the description in Kolkwitz and Krieger (1941). 

The Zygnema coeruleum group may also be a species complex, and the above two taxa may turn out to be 
morphological forms within the one genetic taxon. 

Zygnema chungii Li, in Transeau, Tiffany, Taft & Li, Transactions of the American Microscipical Society 53:213, 
pi 18, fig 15 (1934); Jao 1988, Flora Algarum Sinicarum Aquae Dulcis, 1: 8, pi 2, fig 1. 

Type: Wuchang, Hupeh, China, (H.H. Chung Al220 & F294). 

Vegetative cells short cylindrical, 24-26(-27) pm diam., L/D 1.25-1.75(-2.0), end-walls plane; two stellate 
chloroplasts. Filaments may form peg-like rhizoids surrounded by mucilage pads on pebbles of waterway base. 

Conjugation scalariform; Zygospore formed in conjugation tube and backfilling into both gametangia, encapsulate. 

Zygospore globose to subcylindrical, 38-45 pm long, 38-44 pm diam., 32-33 pm thick; exospore (capsule) clear, 
smooth; mesospore two layered, outer layer aereolate, inner layer finely papillose, yellow. Fig. 4h-j 

Distribution: China, newly reported from Australia. 

Specimens examined: New South Wales: Southern Tablelands: Queanbeyan River, Doeberls Point, Barracks 
Flat, Queanbeyan, 3 Feb 2014 (S. Skinner 1021), 18 Feb 2014 (S. Skinner 1025). 

pH 7.1-8.2; 90-200pS.cm1; c. <10 NTU. 

While generally fitting the descriptions in Transeau et al. (1934) and Jao (1988) the scrobiculae reported in 
those collections appear as minute papillae in the Queanbeyan River material. 

Akinetes formed without conjugation or subsequent zygospore formation 

Zygnema subcylindricum Krieger, in Kolkwitz & Kreiger, Rabenhorsts Kryptogamenflora, XIII: 262, Figs 330- 
331 (1941). 

Zygnema cylindricum Transeau sensu Czurda (1932) 

Type: Stellen, Czech Republic (Czurda), lost? 

Vegetative cells short cylindrical, 33-38 pm diam., L/D 1-3, end-wall plane, two stellate chloroplasts with a 
single, occasionally paired, pyrenoid per chloroplast. 
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Conjugation unknown in present material. Akinete (autospore) cylindrical, filling the cell, (45-)50-59(-81) pm 
long, 32-36 pm diam.; exospore clear, often with a wrinkle; mesospore thick, laminated, with fine pitting as 
well was shallow dimples (c. 2.5 pm diam.), golden brown. Fig. 4f 

Distribution: north Germany and the Czech Republic in Europe, also California, USA; newly reported for Australia. 

Specimens examined: New South Wales: Southern Tablelands: Burra Creek, junction of Williamsdale and 
Burra roads, Burra, 25 November 2008, (S. Skinnerl041, P. Dujfy and B. Geikie) 

pH 8.0-8.9; 430-600 pS.cm1; mode of <10NTU. 

Dimensions are slightly larger than those given for European material. 

Part 2: Biogeography 

Here is a snapshot of the potential diversity in the Zygnemataceae in the Upper Murrumbidgee River Catchment 
flora (see Appendices 2 and 3 for details). The majority of sites had a single taxon or two taxa present, but 
some sites had as many as five or six different morphological entities present (Fig. 4). Of the 28 lotic sites, the 
majority (19) had one or two silkweed taxa only, although one site (Burra Creek between the gauging station 
and London Bridge homestead) had six taxa. Of the 21 collections from lentic sites with Zygnematales present, 
seven have only a single taxon, and five have two taxa, while nine have three or more. 

Mougeooa SprogyraA 5p?rcgyra6 Spiragyra C SprogyraS Srofamum Zygnema 

■ ■otic sites ■ ierrtc stes 

Fig. 5 . Numbers of taxa of silkweeds at flowing (lotic) and standing (lentic) aquatic sites in the upper Murrumbidgee catchment. 

Table 2. Profile of the Zygnemataceae collected in the Upper Murrumbidgee River Catchment, 2007-2013. 

No. Collecting Sites No. of vegetative 
strains by cell 
diameter 

No. showing 
reproduction 

Range of 
morphological 
strains per site 

Lotic or moving water sites 

Mougeotia 7 1 1-2 

Sirogonium 2 1 1 1 

Spirogyra C 2 2 1 1 

Spirogyra B 13 2 1 1-2 

Spirogyra A 17 3 4 1-2 

Spirogyra S 7 3 3 1-2 

Zygnema 12 2 1 

Lentic or standing water sites 

Mougeotia 6 1 1 

Sirogonium 1 1 1 1 

Spirogyra C 1 1 1 1 

Spirogyra B 5 4 3 1-3 

Spirogyra A 10 3 2 1 

Spirogyra S 4 2 1 1-2 

Zygnema 9 3 1-2 
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The difference in number of cell diameter categories and the number of reproductive taxa indicates the difficulty 
in species delimitation, especially in the absence of reproductive material in a collection. There are four species 
of Spirogyra A (forms with one chloroplast) in flowing systems on the basis of their reproductive characters, 
but only three forms based on cell dimensions. Similarly, in Spirogyra B (with two to four chloroplasts) 
found in wetlands there are more forms than there verified species. In both Spirogyra mirabilis and Zygnema 
subcylindricum reproductive structures are formed without conjugation, and the vegetative dimensions of 
these taxa may overlap with sterile material in other collections, as well as with conjugating taxa. 

lotic sites 

■ Mougeotia 

■ Spirogyra A 

■ Spirogyra B 

■ Spirogyra C 

■ Spirogyra S 

■ Sirogonium 

■ Zygnema 

Fig. 6. Diversity of silkweeds in lotic waterways in the Upper Murrumbidgee River catchment. 

In flowing water collections across the upper Murrumbidgee River catchment 66 % of silkweed taxa were 
forms of Spirogyra, of which most were either single chloroplast (A) or 2-6 chloroplast (B) plane end-wall 
taxa. Zygnema species were the next most common, as frequently encountered as single chloroplast Spirogyra 
species. Spirogyra with 6 or more chloroplasts and plane end-walls (C) were infrequently encountered, at about 
the same frequency as Sirogonium species. As elsewhere replicate end-wall species (S) of Spirogyra are about 
as common as Mougeotia. 

lentic sites 

■ Mougeotia 

■ Spirogyra A 

■ Spirogyra B 

■ Spirogyra C 

■ Spirogyra S 

■ Sirogonium 

Zygnema 

Fig. 7. Diversity of silkweeds in lentic waterways in the Upper Murrumbidgee River catchment. 
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Spirogyra species made up 55% of all taxa reported in wetlands, half of which were species with a single 
chloroplast and plane end-walls. Zygnema species made up 28% of the taxa, again with similar frequency 
of occurrence as the single chloroplast, plane end-wall Spirogyra species (26%). Spirogyra species with 2-6 
chloroplasts and plane end-walls were less frequently encountered in lentic habitats. 

Discussion 

The recent publication of a flora style review of Zygnemataceae in Australia (Lewis and Entwisle 2007) and 
the review of past records that preceded it (Lewis and Entwisle 1998) provide a well-documented background 
against which a paper like this can be viewed. Of the twenty two taxa described above, six are also described in 
Lewis and Entwisle (2007), one was regarded by them as a doubtful record, and two were rejected as incorrectly 
identified. The remaining thirteen constitute new records for Australia. 

Mougeotia lamellosa appears to be a valid determination, but may turn out on further investigation to belong 
to a more broadly described M. robusta (de Bary) Wittrock. Mougeotia was poorly represented in Lewis and 
Entwisle (2007), as many early records were difficult to verify. Recent collections from across the continent will 
be used to demonstrate that the genus is well represented here (Skinner and Entwisle, in prep.) 

Sirogonium sticticum is reinstated here, as most of the material collected in the Upper Murrumbidgee Catchment 
fits Hoshaw’s (1980) description of that entity. If Lewis and Entwisle (2007) and Hoshaw (1980) are followed 
strictly there are two taxa in Sirogonium sensu Hoshaw in the Upper Murrumbidgee catchment. The one found 
in flowing water would fit S. floridianum, while the one from swampy ground S. sticticum. The distinction on 

width of vegetative cells seems arbitrary without molecular biological support. 

There have been numerous attempts to discriminate between groups of taxa within the genus Spirogyra. 
Reproductive material has been separated out on cell end-wall structure, then number of chloroplast ribbons, 
then on presence or absence of sculpturing on the mesospore of the zygote. The reliance on morphology 
alone has been demonstrated to be inconclusive, not only from the chromosomal work of Godward and her 
students (Godward 1966) but again, and including physiological, breeding and biogeographical approaches of 
Hoshaw, McCourt and their group (Hoshaw and McCourt 1990) and the molecular studies of Drummond et 
al. (2005). Stancheva et al., (2013) presents a more complex picture using rather larger numbers of species, with 
traditional groups dispersed across the genus, at the molecular level. 

Especially with field collections of vegetative only material the classical sections of the genus fail. The vegetative 
groups outlined in Lewis and Entwisle (2007) based on the arbitrary separation of taxa as having cell diameters 
of more or less than 50pm is useful in a flora treatment. The present treatment removes the arbitrary width 
and distinguishes groups from field material on end-wall form and chloroplast numbers. Under a dissecting 
microscope the end-wall can be determined and the chloroplast number counted: one chloroplast Spirogyra A, 
two to four chloroplasts Spirogyra B, six or more chloroplasts Spirogyra C. 

The case for the reinstatement of Spirogyra maxima var. minor is made above at length. All four of the separately 
described taxa in Spirogyra B may well be parts of the same or parallel polyploid series in related morphospecies. 
Spirogyra punctulata has larger all round dimensions than any similar taxa in Lewis and Entwisle (2007) and 
S. multistrata has laminated exospores, distinct from S. schmidtii West & G.S.West as described in Lewis and 
Entwisle (2007). Spirogyra chenii, reported from one locality in Lewis and Entwisle (2007) is the most widely 
and frequently encountered taxon in this catchment. 

The Spirogyra S taxa in Lewis and Entwisle (2007) do not include any species with mesospore sculpturing, so 
the report of S. amplectans is new for the continent. 

Zygnema species are frequently difficult to discriminate taxonomically. Again, the protologues and illustrations 
are often inadequate by present standards. Filaments with two stellate chloroplasts per cell were distinctly 
better represented in still waters than in creeks and rivers, although Zygnema chungii does seem to thrive in 
the Queanbeyan River in the built-up areas. The collections presented here give taxa with morphologically 
distinct characters, and in each case have some similarities to already described taxa. None of them fit precisely 
with either Eurasian or Western Hemisphere taxa. Many of the taxa to which our taxa can be aligned are 
poorly, incompletely or imprecisely described. The two blue spored Zygnema species described here replace 
similar taxa reported as doubtful in Lewis and Entwisle (2007) and there have been no previous descriptions 
of autosporic Zygnema in Australia. 

Because of the haphazard pattern of collecting for this report, there is insufficient rigour to allow more than 
a sketch of the biodiversity of silkweeds in the Upper Murrumbidgee Catchment here. There are few distinct 
differences in floristics between these lotic and lentic collections from the Upper Murrumbidgee Catchment. 
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A more rigorous study with repeated site sampling, culturing and DNA labelling of vegetative material may 
change this view. Most collections of silkweeds are not reproductive and include a range of filament widths and 
chloroplast forms. The constituents of a raft from one locality may include representatives of several genera, 
and especially in Spirogyra, there may be more than one morphospecies from a species complex. This was very 
much the case in the Douglas-Daly river system in northern Australia (Schult et al. 2007). 

Even so, the overall biogeographic picture has similarities with studies in Spain, and in part in the Netherlands 
and Arizona. Cambra and Aboal (1992) note tendencies for Zygnemaceae to dominate standing water both 
in diversity and bulk, and to be well represented in flowing water in Spain. Moreno et al. (2001) found that 
Zygnemales were well represented in ephemeral waters in semi-arid parts of Spain, more similar to inland 
rangeland in Australia. While Spirogyra was the most frequently encountered genus of the Zygnemales, two 
species of Zygnema were the most frequently found species in that part of Spain (Moreno et al. 2001). These two, 

and a small number of Spirogyra species were salt tolerant enough to procreate in conductivities approaching 
3.7 mS.cnr1. In the Netherlands, similar observations were made (Simons 1987, Simons and van Beem 1990) 
while studying sporing periodicity and water quality influences on Zygnemales. 

There are numerous studies to indicate the plasticity of morphology in silkweeds, based on external stimulants 
as well as ploidy level. For instance Berry and Lembi (2000) while examining seasonal variation in biodiversity 
also demonstrated that numerous temperature and light related parameters contributed to morphology of both 
individual filaments and mat cohesiveness in Spirogyra. McCourt, Hoshaw and Wang (1986) travelled North 
America collecting, and found Spirogyra turned up much more frequently than either Zygnema or Mougeotia, 
and that many collections showed several strains of Spirogyra with plane end walls, while single strains of 
replicate end-walled Spirogyra, Zygnema and Mougeotia were usually present, when these were encountered. 
Wang, Hoshaw and McCourt (1989) examined a suite of Spirogyra strains in a comparative climatic region of 
Arizona to the ACT region and found connexions between cell morphology and factors like altitude and bank 
cover. In Bear Creek, S. quadrilaminata Jao, which would belong in the Spirogyra B morphological group here, 
was found to be of common occurrence and sometimes dominant in all three sections of the waterway (Wang, 
Hoshaw and McCourt 1989). As only one site on Tuggeranong Creek, below the spillway, was repeatedly 
sampled comparisons are difficult to make (Skinner 2008). 

Hainz et al. (2009) demonstrate that water chemistry is significant in occurrence of morphotypes of Spirogyra 
in different ecological niches, especially total phosphorus, soluble reactive phosphorus and organic nitrogen. 
Collection of similar data when collection of Spirogyra and other silkweeds are made in Australia may help 
build a similar basis for morphotype definition for Australian conditions. 

Miller and Hoshaw (1974) indicate that cell and filament width may be reflective of ploidy level and is a very 
plastic character in Zygnema circumcarinatum Czurda. 

The silkweed flora of the Upper Murrumbidgee River Catchment is species rich and shows much the same 
ecological behaviour as similar parts of the world. Similar species richness and distribution of morphological 
groups may be found in the headwaters of the other river systems that contribute to the Murray-Darling Basin. 
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Appendix 1: Water Quality Data: 

These data were supplied by Upper Murrumbidgee Waterwatch, whose community scientists collect these, and 
several other parameters, on a monthly basis. Some collections, at locations not monitored by Waterwatch, had 
water quality data taken at the time of collection and these have been included with the locality data. Several 
sites did not have water quality data taken. 

Catchment Locality pH range 
Electrical 
Conductivity 
range (pS.cm-1) 

Turbidity 
range (NTU) 

Gudgenby-Naas 
Naas River at Namadgi National Park fence 

(for Grassy Creek) 
6.6-8.0 53-90 <10-10 

Orroral River at the camp ground ford 7.0-7.5 50-95 <10-15 

Murrumbidgee in ACT Conder Wetlands 7.0-8.9 100-320 median of 20 

Murrumbidgee River at Pine Island (for Red Rocks Gorge) 7.8-8.7 75-160 <10-20 

Lower Tuggeranong Creek 7.8-9.1 72-300 <10-20 

Queanbeyan Burra Creek 8.0-8.9 430-600 mode of <10 

Queanbeyan R. at Doeberls Point 7.1-8.2 90-200 mode of <10 

Molonglo Woolshed Creek headwaters 7.5-8.0 70-170 <10-20 

Jerrabomberra Jerrabomberra Falls (for Tralee) 7.6-8.5 210-360 <10-15 

Ginninderra Giralang Pond 8.0-8.4 230-390 10-25 

East Basin, Lake Ginninderra 

n
o

 

C
O

 
1 

[A
 140-320 <10-56 
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Appendix 2: Numbers of taxa recorded at lotic sites. 

Locality Mougeotia Spirogyra, 
1 chip, p 

Spirogyra, 
2+ chip., p 

Spirogyra 
'maxima' 

Spirogyra 
Salmacis 

Sirogonium Zygnema Total 

Tuggeranong Creek 1 1 

Giralang Pond 2 1 3 

John Knight 

Memorial Park 

Creek 

1 1 1 1 4 

Murrumbidgee 

River, Angle Bend 

1 1 2 

Murrumbidgee 

River, Angle Bend 

1 1 

Orroral River 1 1 

Murrumbidgee 

River, Tharwa 

1 2 1 4 

Murrumbidgee 

River, 'Lanyon' 

1 1 2 

Murrumbidgee 

River, Point Hut 

Crossing 

1 1 

Murrumbidgee 

River, near Pine 

Island 

1 1 

Tuggeranong Creek 1 1 

Murrumbidgee 

River, Red Rocks 

Gorge 

1 1 2 

Freshford Creek 1 1 2 

Cotter River, 

Campground 

1 1 2 

New Station Creek 1 1 

Gibraltar Creek 1 1 

Numeralla River, Mt 

Forest Road 

1 1 2 

Numeralla River, 

Chakola 

1 1 

Jerrabomberra 

Creek, Tralee 

1 1 

Burra Creek, Burra 

Road bridge 

1 1 1 1 1 5 

Burra Creek, 3km 

downstream 

2 1 1 1 1 6 

Molonglo River, 1 1 

Burra Creek, 

Williamsdale Road 

1 2 1 4 

Grassy Creek 2 1 1 1 5 

Bradleys Creek 1 1 1 1 4 

Queanbeyan River, 

Doeberls Point 

1 1 2 

Queanbeyan River, 

Doeberls Point 

1 1 3 

Totals 7 18 13 2 7 3 11 
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Appendix 3: Numbers of taxa recorded at Lentic Sites 

Locality Mougeotia Spirogyra, 
1 chip, p 

Spirogyra, 
2+ chip., p 

Spirogyra 
'maxima' 

Spirogyra 
Salmacis 

Sirogonium Zygnema Total 

Mt Taylor dam 1 1 2 4 

Mt Taylor dam 1 1 2 4 

Mt Taylor dam 1 1 1 4 

Pialligo, nursery 1 1 

Mulligans Flat, 

pond 2 

1 1 1 3 

Mt Taylor dam 1 1 

Mt Taylor dam 2 2 

Conder Wetlands 1 1 1 1 2 5 

Conder Wetlands 1 1 

John Park, Holder 1 1 

Head of Woolshed 

Creek, dam 

1 1 

North Watson 

Wetlands 

1 3 4 

Valley Ponds 1 1 1 2 5 

Tralee, dam 1 1 2 

'Talaheni', dam 1 1 1 3 

East O'Malley, pond 1 1 2 

London Bridge Rd, 

Burra, dam 

1 2 3 

Teatree Place, 

Jerrabomberra, 

dam 

1 1 

Head of Woolshed 

Creek, dam 

1 1 

Doyles Reserve, 

ephemeral wetland 

1 1 2 

Totals 6 12 7 2 5 2 13 
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Abstract 

Astrotricha hamptonii F.Muell. (Araliaceae) is essentially restricted to the Hamersley Range in the Pilbara 
region of Western Australia where it grows on cliffs in rock fissures, and on scree slopes. This distinctive plant 
almost always grows in association with iron ore deposits on banded ironstone formations. Recognisable from 
the air, this species was used by prospector and pastralist, Lang Hancock’s prospecting partner, Ken McCamey, 
to accurately map the distribution of many of the richest iron ore deposits in the Hamersley Range. This paper 
provides the first detailed taxonomic description of this species to be published in English. A summary of its 
use for bioprospecting is provided. 

Introduction 

Astrotricha hamptonii F.Muell. was named by Ferdinand von Mueller in 1868. Material was sent to Mueller by 
Charles Harper, a local pastoralist, who collected specimens while looking for favourable grazing land in 1866. 
However, it remained a rarely collected and poorly known species until made famous in Western Australia in 
the 1950 s. Ken McCamey, an associate of Lang Hancock, identified this species as one of the keys to identifying 
iron-rich geological formations from the air, providing a simple means for mapping the most prospective areas 
for further exploration (Moyes 1973). 

Astrotricha DC. is endemic to Australia, and appears to be among the earliest diverging lineages in core 
Araliaceae (Wen et al 2001, Plunkett et al. 2004, Li and Wen 2014). Li and Wen (2014), using a combination of 

plastid and internal transcribed spacer data, arrived at an estimated divergence date for Astrotricha of around 
90 M Ya. Of the 19 formally recognised species of Astrotricha, 18 are restricted to eastern Australia, ranging from 
Victoria to north-east Queensland (Stanley and Ross 1986, Bean 1991, 1995, Makinson 1991, Henwood and 
Makinson 1992, Henwood et al 1999). A significant number of regional variants in eastern Australia require 
further taxonomic investigation. Only A. hamptonii is known outside of this range, endemic to the Pilbara 
and Gascoyne regions of Western Australia, a disjunction of almost 2,000 km from all other species. Relatively 
little data are available on the phylogenetic relationships within Astrotricha (Plunkett et al. 2004), but based 
on fruit morphology, Astrotricha hamptonii appears to show an affinity with a group of species characterised 
by fruit with well developed marginal wings (A. pterocarpa Benth., A. cordata A.R.Bean and A. intermedia 
A.R.Bean) from northern New South Wales and far north Queensland. The Pilbara region, and in particular 

the Hamersley Range geological block, is known to be an area of ancient endemism with a relatively large 
number of early-diverging and relictual lineages surviving there (Pepper et al. 2008, McKenzie et al. 2009). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Bioprospecting and the beginning of the Western Australian iron ore boom 

The commercial history of iron ore discovery in Western Australia is as contentious as it is important for 
the recent history and ongoing economic future of the state. It is generally acknowledged that iron ore in the 
Pilbara region was first (briefly) reported by Francis Thomas Gregory during his expedition to the Pilbara 
in 1861 (Gregory and Gregory 1884), and large quantities were documented by State Government geologist 
Henry Page Woodward in the 1880s (Woodward 1890,1891,1894,1911, Blockley 1975, O’Leary 1993). With a 
focus on exploration for gold, Maitland (1904,1905,1906,1908) provided further details on the distribution of 
iron ores in the region. However, these surveys did not emphasise that the iron ore bodies were of commercial- 
grade, probably largely due to the isolation of the deposits and the preoccupation with locating gold. The first 
report of a commercial-grade iron ore body, and the subsequent advocacy for mining them, appears to be from 
a survey of Mount Goldsworthy by K.J. Finucane and R.J. Telford in 1938 (Finucane and Telford 1939). 

It was largely the efforts of Lang Hancock and his partners that brought the true extent and potential economic 

value of the Pilbara’s iron ore deposits to light in the 1950 s, at a time when exports of iron ore were banned 
and new tenements could not be pegged (Phillipson 1974, Duffield 1979, Hancock 1979, Marshall 2001). 
Hancock, a local pastoral lease owner with a significant interest in developing mining operations in the Pilbara, 
recognised the presence of massive iron ore bodies when flying low over the landscape in a small plane as 
he was flying south to Perth (Duffield 1979). Mapping the distribution of iron ore bodies by flying over the 

Hamersley Ranges and observing the outcrops of red, iron-rich rock, Hancock was joined in the search by 
several geologists and exploration partners in an effort to quantify the value of the deposits and their viability 
for mining (Moyes 1973). 

It was Hancock’s prospecting partner, Ken McCamey, who recognised that Astrotricha hamptonii grew in a 
very specific association with iron ore bodies on the cliffs and slopes throughout the landscape (Moyes 1973, 
Brown 2005). The plants themselves grew on the cliff-lines, with the white stems contrasting strongly against 
the rusty-red rock. In McCamey’s words: “One almost certain sign is what we call the ‘iron tree’. It has a white 
trunk and a green top and grows to about eight feet. Nine times out of ten you find it in iron, and always on the 
southern side of an ore body. Its roots go down in the leach holes where the silica has leached out” (in Moyes 
1973: 42). McCamey also recognised that some other vegetation was associated with the same habitats: “Then 
there’s smaller vegetation to watch for. Poor quality, hungry-looking spinifex, for instance. Or a tree with red 

curly bark the natives call ‘minnarichie’.” (quoted in Moyes 1973). Many Triodia species (‘spinifex’) can be 
found in the same area, with Triodia sp. Karijini (S. van Leeuwen 4111) being restricted to outcrops of the 
Brockman Iron Formation and T. sp. Shovelanna Hill (S. van Leeuwen 3835) is often found in similar situations 

(Western Australian Herbarium 1998-). “Minnarichie” almost certainly refers to a relatively widespread wattle 
in the Pilbara, Acacia rhodophloia Maslin which has curly red bark also known as ‘Minni Ritchi’ (Maslin et 

al. 2013: 552). This species has a distinctive low-growing form on the ridges of the Hamersley Range (Maslin 
2014). While Dixon et al. (2006) could not trace the origin of the name ‘Minni Ritchi’, this reference suggests 
it may have its origins in Thalanyji or a related language from the western Pilbara (Hayes and Hayes 2007). 
Recognition of these close botanical associations was important for Hancock and McCamey in preparing 
maps that would subsequently be used to make claims on land for prospecting and mining licences. Astrotricha 
hamptonii is well known locally, but has received scant attention in publications (Mueller 1868, Moyes 1973: 
photographs pp. 29,37; Wearne et al. 1984). 

Today, the geology of the Pilbara has been extensively examined, with iron ore mined in the Pilbara region one 
of Australia’s key exports and a major contributor to the Australian economy (Kay et al. 2012). Conversely, the 
biodiversity of the region is still poorly known and a great deal of additional research is required to understand 
the unique biological resources of the Pilbara (McKenzie et al. 2009). 

Habitat specialisation 

Habitat preferences in the genus Astrotricha vary considerably, but most species occur in generalist habitats in 
woodland. Astrotricha pauciflora A.R.Bean is an exception as it grows in rock fissures, though these are surrounded 
by woodland rather than being on cliffs (Bean 1997). Astrotricha hamptonii has specifically adapted to become 
cremnophytic, or cliff-dwelling. This habitat specialisation is seen in other Western Australian species, Boronia 

cremnophila R.L.Barrett, M.D.Barrett & Duretto (Barrett et al. in press), Ficus lilliputiana D.J.Dixon (Dixon 
2001), Kunzea sp. Keep River (D.Siversten 739) (R.L. Barrett unpubl. data), Lepidosperma ferricola R.L.Barrett 
(Barrett 2007, 2013), Lindernia cleistandra W.R.Barker, L. eremophiloides W.R.Barker (Barker 1990), Pityrodia 
obliqua W.Fitzg. (R.L. & M.D. Barrett unpubl. data), Tetratheca paynterae J.J.Alford subsp. paynterae (Alford 
1995), Tetratheca paynterae subsp. cremnobata R.Butcher (Butcher 2007, Butcher et al. 2007), Triodia cremnophila 
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R.L.Barrett 8c M.D.Barrett (Barrett and Barrett 2011) and T.fissura R.L.Barrett, G.B.Wells 8c K.W.Dixon (Barrett 
et al. 2005). Specialisation to growing on cliff faces requires a number of specific physiological adaptations 
to survive these extreme conditions (Larson et al. 2000). Advantages of adapting to these habitats include a 
relatively stable climate and protection from fire (Larson et al. 2000). The ecology of these species is somewhat 
comparable to those growing on granite rock outcrops (see Hopper et al. 1997). 

A number of other species in the Pilbara region have adapted to similar habitats, either extending to, or sometimes 
restricted to, the margins of cliffs, rocky outcrops, and ridge crests. These include Acacia bromilowiana Maslin, 
A. thoma Maslin (Maslin and van Leeuwen 2008), A. rhodophloia (Maslin 1980), Corymbia ferriticola (Brooker 

8c Edgecombe) K.D.Hill 8c L.A.S.Johnson (Brooker and Edgecombe 1986), Cryptandra monticola Rye 8c 
Trudgen (Rye and Trudgen 1995), Dampiera anonyma Lepschi 8c Trudgen, D. metallorum Lepschi 8c Trudgen 

(Lepschi et al. 2004), Eucalyptus aridimontana D.Nicolle 8c M.E.French (Nicolle and French 2012),E.pilbarensis 

Brooker 8c Edgecombe (Brooker and Edgecombe 1986), Gompholobium oreophilum C.F.Wilkins 8c Trudgen 
(Wilkins and Trudgen 2012), Grevillea saxicola S.J.Dillon (Dillon 2014), Pilbara trudgenii Lander (Lander 

2013), Pleurocarpaea gracilis Lander 8c P.J.H.Hurter (Lander and Hurter 2013) and Ptilotus subspinescens 
R.W.Davis (Davis 2007). 

In the Kimberley region, Eucalyptus ordiana Dunlop 8c Done, Jacquemontia sp. Keep River (J.L. Egan 5015), 
Triodia barbata R.L.Barrett 8c M.D.Barrett and T. fitzgeraldii N.T.Burb. are known to occur in association with 

the margins of banded ironstone cliffs, but all of these species also occur in similar habitats on sandstone in 
the region (Barrett and Barrett 2011). Species specific to banded ironstone formations and related geologies 
in southern Western Australia have been reviewed by Gibson et al. (2007, 2010) who listed 44 taxa as being 
endemic to ironstone habitats. 

Figure 1. Astrotricha hamptonii. a. habit and habitat on banded ironstone formation cliff face; b. flowering plant; 

c. inflorescence; d. swollen stem base in rock fissure; e. Flowers and buds. Images from R. Pur die 7400. Photographs by 

M. Fagg, ANBG Collection. 
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Figure 2. Distribution of Astrotricha hamptonii based on data from the Atlas of Living Australia (Accessed 7 September 

2014). Filled red circles indicate localities of A. hamptonii collections. 

Methods 

The following description is based on dried herbarium specimens, including type material held at CANB, 
MEL, NSW and PERTH. 

Taxonomy 

Astrotricha hamptonii F.Muell., Fragmenta Phytographiae Australiae 6(45): 125, t. 58 (1868) (as CA. Hamptoni). 

Holotype: “In hiatibus rupium ad montes Hammersly-Range; C. Harper.” [In rocky cleft on the mountains of 
the Hamersley Range, Western Australia, 1866], C. Harper s.n. (MEL 119629!). 

Shrub to small tree, 1—2(—3) m high, erect, sparsely branched (crown usually 30-60 cm wide), often single¬ 
stemmed, young stems indumented, becoming glabrous and fissured (tessellated) with age, usually c. 2 cm 
diam.; base often swollen at point of contact with rock substrate. Indumentum on stems, petioles, leaves and 
bracts stellate-pubescent, with individual hairs 0.20-0.35 mm across (dense on new growth). Leaves estipulate, 
spirally alternate, clustered towards branch tips, narrowly lanceolate to narrowly ovate (occasionally almost 
linear), 75-170(-250) mm long, 17-30(-60) mm wide; apex acuminate to attenuate; base obtuse; adaxial lamina 
surface dark green, sparsely stellate hairy or glabrescent, abaxial lamina surface densely covered in a velutinous 
white to cream indumentum (hairs persisting on old leaves); midrib and lateral veins sunken adaxially, raised 
abaxially; margins entire; petioles terete, 33-88(-106) mm long, densely covered in a velutinous white to 
cream indumentum. Inflorescence a thrice-branched terminal panicle, main axis 15-39 cm long, moderately 
to sparsely stellate-hairy when young, glabrescent when fruiting, green; secondary inflorescence branches 
similar to main axis, 24-114 mm long, sparsely indumented or glabrous, bearing 1-4 tertiary branches. 

Flowers aggregated into umbels terminating each inflorescence branch, anthesis proceeds sequentially from 
from main axis to highest order branches. Umbels with 8-26 flowers subtended by a triangular involucral 
bract 3-5.5 mm long; peduncles 2.5-3.8 mm long, glabrous; pedicels slender, pedicels 1.2-2.6 mm long in 
flower (to 3.2 mm long in fruit). Flowers bisexual, protandrous, 2-2.5 mm across; hypanthium glabrous, 3.3- 
4.3 mm long, turbinate. Sepals basipetally fused into a short tube surmounted by 5 lanceolate to ovate lobes, 
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0.5-0.8 mm long, 0.2-0.3 mm wide, green, glabrous, apex acute or obtuse. Petals 5, ovate to deltate, 1.9-2.8 mm 
long, 1-1.2 mm wide, pale green to yellowish green, recurved, caducous; glabrous, margins with fine papillae; 
apex acute to obtuse. Stamens 5, alternating with the petals; filaments subterete, flattened at base, 1.2-2.3 mm 
long; anthers cream to white, 1.4-2.1 mm long, versatile, dorsifixed, opening introrsely by longitudinal slits. 
Styles 2, fused at the base, 2.6-4.4 mm long, at first erect, later spreading from base, persistent. Ovules 1 per 
locule. Fruit a schizocarp, brown, glabrous, splitting longitudinally at maturity, laterally compressed, 5.5-7 mm 
long, (2.5-)2.8-3.5 mm wide, 0.9-1.2 mm thick, with very narrow wings developing at the commissural margins 
at the base of the calyx, to 0.1 mm wide; lacking a free carpophore; mericarps 1-locular. Seeds c. 3.6 mm long, 
c. 0.7 mm wide, cream, not readily released from mericarps. Fig. 1 

Distribution and habitat: Almost entirely restricted to the Hamersley Range (W.A.) where it usually occurs 
on ironstone cliffs, scree slopes, and outcrops of the Brockman Iron Formation, along ridge tops and on 

valley walls (Figure 2). Some of these sites are on the highest peaks in Western Australia, at elevations above 
1000 m. Most collections are from the otherwise almost bare faces of south-facing cliffs (large and small) and 
occasionally on east-facing slopes. Plants variously grow in very shallow soil derived from iron-rich parent rock 
or usually in fissures on the rock face with no soil. There are occasional records from the adjacent Murchison 
district where it grows in fissures on sandstone, demonstrating that this species is a cliff-face specialist rather 
than just an ironstone specialist. This species is usually locally common, just highly habitat specific. Recorded 
growing in association with Acacia aneura, A. bivenosa, A. hamersleyensis, A. pruinocarpa, A. rhodophloia, 
A. spondylophylla, Callitris glaucophylla, Capparis spinosa, Corchorus tectus, Corymbia deserticola, C.ferriticola, 
C. hamersleyana, Cryptandra monticola, Eremophila jucunda subsp. pulcherrima, E. latrobei, Eucalyptus 
ewartiana, E. gamophylla, E. kingsmillii, E. leucophloia, E. lucasii, E. xerothermica, Goodenia stobbsiana, Hakea 
lorea. Hibiscus sp. Gardneri (A.L. Payne PRP 1435), Indigofera sp. Fractiflexa (S. van Leeuwen 3773), Mirbelia 
viminalis, Pimelea forrestiana, Plectranthus intraterraneus, Pomax rupestris, Pterocaulon serrulatum, Rhodanthe 
margarethae, Senna ferraria, S. glutinosa subsp.glutinosa, S. glutinosa subsp. pruinosa, Solanum sp., Triumfetta 
maconochieana, Triodiapungens, T. wiseana, T. sp. Karijini (S. van Leeuwen 4111), T. sp. Shovelanna Hill (S. van 
Leeuwen 3835) and other T. spp. 

Conservation status: Astrotricha hamptonii is relatively widespread in the Gascoyne IBRA region (IBRA 2012) 
and the southern part of the Pilbara IBRA region. It is well represented on banded iron stone in the Karijini 
National Park, and is not currently considered threatened. However, no formal assessment of the total number 
of plants across the geogrphic range of the species has been undertaken. 

Phenology: Flowering and fruiting mostly August to November, but also recorded in December and 
occasionally from March to May. Flowering is likely to be in response to rainfall events. 

Etymology: The epithet honours Doctor John Stephen Hampton, Western Australian Governor (1862-1868), 

with whom Mueller may have been in contact regarding the medicinal properties of plants collected by 
Hampton during the Gregory Expedition of 1855-1856 (Sena-Becker 2012). 

Notes: Several collectors have noted that this species has a dinstinctive odour, describing it as mustard-, 
fenugreek- or curry-scented. 

First collected by pastoralist Charles Harper in 1866 while exploring inland from Roebourne with Samuel 
Viveash (Battye 1972), with specimens sent to the Phytologic Museum of Melbourne (now National Herbarium 
of Victoria) from which the species was named (Mueller 1868). The common names of‘Hancocks Iron Ore 
Plant’ or‘Iron Ore Plant’ are applied throughout the Pilbarra (S. van Leeuwen pers. comm.). 

Selected material examined: WESTERN AUSTRALIA: Gap in Kunderong Range, Turee Creek Station 

(southern lease), c. 1 km SW of Turee Creek homestead, 26 Oct 2000, S.J. Black & D.M. Bureau s.n. (PERTH); 
SW of Christmas Spring, Lamb Creek, 8 Oct 1966, /. V Blockley 447 (CANB, KPBG); Site 11, South Kunderong 
Range, 6.9 km ESE of Spring Creek Camp, 28 km SSW of Turee Creek Station Homestead, N Gascoyne, 13 May 
2003, D.J. Edinger & G. Marsh DJE 3566 (PERTH); near Newman, Dec 2011, T. Erickson TEE 797 (PERTH); 

South side of the Governor on the Governor ridge, 28 Jun 1995 G. Errington 466, P. Cuneo, T. Armstrong & 
L. Sweedman (NSW); Mount Amy, Red Hill Station, Nov 1941, D. Ewing s.n. (PERTH); Mt Pyrton, Hamersley 

Range, anno 1878,/. Forrest s.n. (MEL); Hamersley Range, near Mount McRae, 24 Aug 1932, C.A. Gardner 3157 
(PERTH); Yandicoogina, 14 Sep 1980, K.J. Gibbons 159 (PERTH); E face of Mesa to W of Hamersley Gorge, 
31 Oct 1983, K.D. Hill 445 & L.A.S. Johnson (CBG, NSW, PERTH, SYD); Wittenoom Gorge, 22 Oct 1963, 

F. Lullfitz 2744 (PERTH); Nicol Bay District, anno 1878, McRae s.n. (MEL); 29 km S of Quarry Hill, c. 140 km 
WSW of Tom Price, 3 Aug 1984, K.R. Newbey 10661 (PERTH); Silent Gorge, off Great Northern Highway, 
WNW of Newman, 24 Sep 2009, R.W. Purdie 7400 (CANB); Hamersley Ranges, Weano Gorge, 16 May 1992, 
I.R. Telford 11755 (CBG, 2 sheets); ‘Manganese’ Gully; Marandoo Ridge (the first ridge S of Mount Bruce), 
Hamersley Range, 27 Sep 1974, M.E. Trudgen 1141 (PERTH); Mount Lois, 100 m W of summit, 9.6 km S 
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of High Bluff, 19.3 km NE of Mount Sheila, 12.2 km SE of Camp Anderson, Hamersley Range, 1 Nov 1992, 
S. van Leeuwen 1327 (CANB, PERTH); 16.3 km NNE of Mt Robinson, 31.3 km ENE of Mt Meharry, 40.8 km 

SE of Mt Windell, 37.7 km W of Weeli Wolli Spring, Hamersley Range, 23 Aug 1995, S. van Leeuwen 2020 
(PERTH); 59.5 km ENE of Snowy Mountain, 22.3 km WSW of Mt Ella, 22.7 km SSW of West Angela Hill, 

24.2 km NNW of Jupidana Well, Hamersley Range, Newman 1:250 000 map sheet, 23 Aug 1995, S. van Leeuwen 
2030 (PERTH); Mt Samson, 7 km SW of Flagtop, 4.4 km SE of Mt Lionel, 11km NW of Mount Reeder Nichols, 
Hamersley Range, 10 Sep 1996, S. van Leeuwen 2690 (PERTH); 12.2 km S of Caliwinga Spring, 23.9 km NW 
of Mt McRae, 33.9 km W of Mt Lois, 34.1 km WSW of Hugh Bluff, Hamersley Range, 12 Sep 1996, S. van 
Leeuwen 2805 (PERTH); 24.8 km W of Mt Farquhar, 35.6 km SSE of Mt Rica, 26.6 km NNW of Quarry Hill, 
25.1 km E of Urandy Creek Outcamp, Hamersley Range, 14 Oct 1998, S. van Leeuwen 4353 (CANB, PERTH); 
Pilbara, Mt Nameless, c. 1 km S from summit, c. 5 km SW from Tom Price township, 22 Sep 2006, N. G. Walsh, 
D. Halford & D. Mallinson 6481 (MEL, PERTH); Mount Lois, 11 Sep 1991, Peter G. Wilson 1032 & R. Rowe 
(CBG, NSW). 
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Abstract 

Two recognized species of Ceropegia L. from India are lectotypified here, namely, Ceropegia macrantha Wight 
and C. wallichii Wight. 

Introduction 

The genus Ceropegia L. is represented by 244 taxa worldwide (cf., The Plant List 2013; Singh 2015) distributed 
mainly in the Canary Islands, Africa, Madagascar, tropical Arabia, India, Southeast Asia, New Guinea, and 
Australia. Currently 60 species, two subspecies and five varieties are known to occur in India (Karthikeyan et 
al. 2009; Singh 2015). During a revision of the Ceropegias of India, it was realized that type material for several 
species had not been designated (Singh 2015). This current paper deals with a further two species, Ceropegia 
macrantha Wight and C. wallichii Wight, not included in the previous paper, that also require the designation 
of lectotypes. For lectotypification of these two Indian Ceropegia species, a search for the types specimens 
(of Wallich, Wight, Royle, Lindsay) was undertaken by searching the major collections at BM, BR, CAL, K, E, 

LIV, W, as well as the smaller herbaria of BHU, C, DD, G, GHU, M, MH, NY, P, PH, S. Lectotypes were chosen 
following the principles outlined in Art. 9.12 of the International Code of Nomenclature (McNeill et al. 2012). 

Lectotypifications 

1. Ceropegia macrantha Wight, Contributions to the Botany of India 31 (1834) 

Type citation: “Ad locum “Khurie pass” dictum; Royle.” 

Lectotype (here designated): India, N.W. India, without date, Royle s.n. (K000857826!); isolectotype: 
K000857827! Fig. 1 

Distribution: India (except Peninsular region), Bhutan, Laos, Nepal and Pakistan. 

Notes: Robert Wight (1834) described Ceropegia macrantha on the basis of specimens collected by Royle. In 
the protologue he did not provide the date and/or number of the collection but simply cited “Ad locum “Khurie 
Pass” dictum; Royle” as type. Pertaining to this specification, only two original collections of [Herb.] Royle are 
now extant, namely, K000857826 and K000857827. The herbarium sheet K000857826, consists of complete plant 
specimens with stem, leaves and flowers and is chosen here as the lectotype as it agrees well with the protologue. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Lectotype of Ceropegia macrantha Wight (K000857826, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 2. Lectotype of Ceropegia wallichii Wight (E00179561, © Royal Botanic Garden, Edinburgh). 
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2. Ceropegia wallichii Wight (Botanical Magazine sub t. 3267.1833, nom. nud.), Contributions to the Botany of 
India 32 (1834) 

Type citation: “Wight in bot. mag. tab. 3267. - C. erecta, Wall.!? Asclep. n. 1 (spec, valde manca). - Nepal; Wallich 
(in herb. Banks, spec, bon.) Himalaiah; Royle. Prope Lahooghat in Kamaon; Lindsay (in herb. Arnott.) - (R.W.)” 

Lectotype (designated here): India, Kamaon (Kumaon), Lahooghat, without date, A.K. Lindsay s.n. 
(E00179561); isolectotype: K000975598! Fig. 2 

Residual syntypes: Nepal, 1821, Wallich asclep. no. 1. (K001129063); Nepal, 1820, Wallich s.n. (BM001014224p.p.) 

Distribution: India (Himachal Pradesh, Punjab and Uttarakhand) and Nepal. 

Notes: When Ceropegia wallichii Wight (1834) was published, four gatherings - C. erecta, Wall. Asclep. n. 1.; 
Nepal, Wallich; Himalaiah (Himalaya), Royle; Lahooghat in Kamaon (Kumaon), A.K. Lindsay were cited in the 
protologue, but no specific herbarium sheet was designated as the holotype. Royle’s gathering could not be 
located but there are four extant specimens representing the other three gatherings, two of the A.K. Lindsay 
collection (E00179561 and K000975598), one of C. erecta. Wall. Asclep. n. 1. (K001129063) and one of Wallich 
in herb. Banks (BM001014224). The BM herbarium sheet is a mixed collection, the two plant specimens on 
left side belong to Wallich from Nepal and the two on right side from Nainital, Uttarakhand state, India of an 
unknown collector. From these four syntypes, E00179561 has complete plant specimens with stem, leaves and 
flowers and hence I designate it here as lectotype since it agrees well with the protologue. 
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Abstract 

Sexually deceptive orchids are pollinated when male insects perform mating behaviours on the female- 
mimicking labellum. Such orchids are characterised by extreme pollinator specificity, having only one, or 
occasionally a few, closely related insect species as pollen vectors. Sharing of a sexually deceived pollinator 
species between two or more orchid species is rare among Australian orchids in the Drakaeinae and Caladeniinae 
pollinated by male Thynnid wasps. In this paper putative pollinator sharing within a complex of three 
morphologically similar species of Greencomb Spider Orchids, Caladenia parva G.W. Carr, C. phaeoclavia D.L. 
Jones and C. villosissima G.W. Carr, was investigated using pollinator baiting and choice testing in the field. The 
three orchid taxa are shown to share the same thynnid wasp pollen vector, Lophocheilus anilitatus (Smith) over 
the entire geographic range of the complex in New South Wales and Victoria. Pollinator baiting and choice 
testing at 42 locations revealed no evidence for the existence of cryptic pollinator species in L. anilitatus. The 
close morphological similarity of the three orchids, their sharing of the same pollinator and lack of evidence 
of a reproductive isolating mechanism, suggest they belong to the same biological species, C. parva. However, 
phylogenetic analysis is desirable to confirm the monophyly of the three morphospecies and the possible 
existence of polyploidy in C. villosissima merits investigation. 

Introduction 

Pollination by sexual deception of male insects has evolved independently in multiple lineages of the Orchidaceae 
principally on two continents, Europe and Australia, and involves hundreds of species (Gaskett 2010). Pollen 
transfer occurs in sexually deceptive orchids when female mimicking labellum structures stimulate mating 
behaviours in deceived males (Vereecken and Francisco 2014, Bower 2014). Sexually deceived male insects are 
attracted to flowers by odours (allomones) mimicking species-specific sex pheromones normally emitted by 
their females (Schiestl et al. 1999,2000,2003, Ayasse et al. 2002, Franke et al. 2009, Peakall et al. 2010, Ayasse et 
al. 2011). Sexually deceived male pollinators respond rapidly by flying upwind to picked flowers placed in the 
field, a procedure known as ‘baiting’ (Stoutamire 1975, Peakall 1990, Bower 1996). 

Most sexually deceptive orchids are thought to be monophilous, attracting a single pollen vector species, or rarely, 
several closely related species. Such extreme pollinator specificity has long been considered a key characteristic of 
sexual deception (Stoutamire 1975, Bergstrom 1978). Experimental evidence for pollinator specificity in sexually 

© 2015 Royal Botanic Gardens and Domain Trust 
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deceptive orchids requires the exposure of arrays of flowers of different species to pollinator populations in the 
field (Paulus and Gack 1990, Bower 1996). Specificity is demonstrated by consistent assortative responses to each 
orchid species by pollinators. Such techniques have demonstrated pollinator specificity among sexually deceptive 
species of Chiloglottis pollinated by Thynnid wasps of the genus Neozeleboria in south-eastern Australia (Bower 
1996, Bower and Brown 1997, Bower 2006, Bower and Brown 2009, Peakall et al. 2010, Whitehead and Peakall 
2014). Similarly, Phillips et al. (2014) revealed extreme pollinator specificity in the Thynnid pollinated genus 
Drakaea across its distribution in the south-west of Western Australia. 

An important consequence of monophily is that, with only one exception, sympatric Chiloglottis and Drakaea 
species do not share pollinators, that is, each orchid species has a unique single pollinator within its natural 
distribution (Bower 1996, Bower and Brown 2009, Whitehead and Peakall 2014, Phillips et al. 2014). The 
exception is the mutual attraction of each others pollinators by Chiloglottis valida and C. trapeziformis, where 

their usually separate altitudinal ranges and habitats overlap (Peakall et al. 1997, 2002). Accordingly, extreme 
pollinator specificity usually confers complete reproductive isolation between sympatric co-flowering sexually 
deceptive species (Xu et al 2011, Whitehead and Peakall 2014). In addition, strict monophily allows the 
detection of cryptic pollinator-specific orchid biospecies and cryptic pollinator species through controlled 
pollinator choice testing (Bower 2006, Bower and Brown 2009). 

By contrast to the lack of pollinator sharing in Chiloglottis and Drakaea revealed by field choice testing, published 
pollinator lists suggest pollinator sharing may occur in some groups of sexually deceptive, Thynnid-pollinated 
Caladenia species in eastern Australia (Phillips et al. 2009, Gaskett 2010). While most sexually deceptive 
Caladenia species attract unique pollinators, nine species in the Caladenia reticulata complex are pollinated 
by Phymatothynnus near nitidus 1, three species of Greencomb Spider Orchids are pollinated by Lophocheilus 
anilitatus and Caladenia tesselata shares P. near nitidus 1 with the C. reticulata group (Phillips et al. 2009, Gaskett 
2010). These data contrast markedly with results for Chiloglottis and Drakaea, and suggest that factors other than 
pollinator specificity may govern reproductive isolation in some Caladenia clades. Potential factors include post- 
zygotic incompatibility and different positioning of pollinaria on the body of the pollinator (Paulus and Gack 
1990, Phillips et al. 2013, Vereecken and Francisco 2014). However, all Thynnid pollinators carry the pollinia 
of Drakaeinae and Caladeniinae nototribically on the centre thorax discounting a role for differential pollen 
placement in reproductive isolation in these groups (Stoutamire 1983, Phillips et al. 2009). Alternatively, it is 
possible that cryptic pollinator species may exist within P. near nitidus 1 and Lophocheilus anilitatus, such that 
pollinator sharing may not be occurring. A further possibility is that a mismatch exists between morphospecies 

and biospecies boundaries in the Greencomb Spider Orchids and the C. reticulata complex (Phillips et al. 2009), 
which would suggest the two orchid complexes may have been over-split taxonomically. 

Swartz et al. (2014) examined these issues in the C. reticulata complex. Extensive pollinator baiting and field 
choice tests throughout the distribution of the complex in western Victoria showed that ten species shared 
the single pollen vector P. nitidus (=P. near nitidus 1 of Phillips et al. 2009) and that no cryptic species existed 
within the P. nitidus. Phylogenetic analyses of 31 Caladenia species, including 25 in the reticulata complex, 
showed limited species level resolution within the complex and no differences between species with different 
pollinators (Swartz et al. 2014). Population genetic analyses using six polymorphic microsatellite loci in the 
ten pollinator sharing species found only limited differentiation from three species in the complex employing 

different pollinators. No differentiation was revealed between allopatric species in the complex or species 
with confirmed one-to-one pollinator relationships. Patterns of low molecular phylogenetic diversity and high 

morphological similarity among related species are common in orchids in general (Phillips et al. 2012) and 
sexually deceptive orchids in particular, for example Ophrys (Soliva et al. 2001, Soliva and Widmer 2003), 
Chiloglottis (Mant et al. 2005) and Caladenia (Swartz et al. 2009). Overall, the sharing of the same vector species 
among ten reticulata complex species combined with evidence of very low genetic divergence suggested they 
belong to the same biological species and most likely represent an example of taxonomic over-splitting (Swartz 
et al. 2014). 

This paper uses pollinator baiting and controlled field choice tests to examine putative pollinator sharing 
(Phillips et al. 2009, Gaskett 2010) across the geographical distributions of three closely similar, sexually 
deceptive species of Greencomb Spider Orchids; Caladenia parva G.W. Carr, C. phaeoclavia D.L. Jones and 
C. villosissima (G.W. Carr) Hopper & A.P.Br. in south-eastern Australia, hereafter referred to as the C. parva 
group. The aims of the study were to determine: (1) the pollinator assemblage for the C. parva group across its 
geographic range; (2) whether each species in the group has a unique pollinator; and (3) whether any cryptic 
orchid or pollinator species are present. The taxonomic implications of the results are discussed. 

Caladenia parva, C. villosissima and C. phaeoclavia were formally described in 1991. C. parva is a small species 
with short habit, small flowers, strongly deflexed lateral sepals, relatively short labellum fringes and small 
column (Carr 1991). Backhouse and Jeanes (1995) gave the distribution as southern Victoria, west from 
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Wilsons Promontory, and extending inland to the Grampians’ and qualified their interpretation of the species 
by the statement ‘Possibly no more than a poorly developed form of a more widespread species’ Carr (1991) 
distinguished C. villosissima (as Caladenia dilatata var. villosissima) by its ‘densely villous leaf and thick scape’ 
and gave its distribution as ‘an area bounded by Stawell, the eastern Grampians and Maryborough’ in central 
western Victoria. Caladenia phaeoclavia was distinguished by its short habit, relatively small flowers, brown 
sepaline osmophores, basal calli with prominently clavate rounded heads, narrow column wings and narrow 
column basal glands (Jones 1991). The distribution was given as New South Wales, Australian Capital Territory 
and possibly eastern Victoria. 

Fig. 1. Flowers of Caladeniaparva (Dergholm, Vic.) (left), C. phaeoclavia (Mullion Creek, NSW) (middle) and C. villosissima 

(Langkoop, Vic.) (right). 
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The recorded distributions of C. parva and C. phaeoclavia are confused due to the similarity of the two 
species (Backhouse and Jeanes 1995). This can be seen by comparing distribution maps given by Backhouse 
and Jeanes (1995), the Australian National Herbarium Canberra (CANB) website (http://www.cpbr.gov.au/ 
cpbr/herbarium/) and the Australia’s Virtual Herbarium (AVH) website (http://www.rbg.vic.gov.au/cgi-bin/ 

avhpublic/avh.cgi). All three sources agree that C. parva is confined mainly to coastal southern Victoria and 
South Australia west from South Gippsland to the Eyre Peninsula, with an extension inland to the Grampian 
Ranges in western Victoria. The distribution of C. phaeoclavia given by the Australian National Herbarium 
Canberra (CANB), as determined by M.A. Clements and D.L. Jones, and of Backhouse and Jeanes (1995) is 
the Great Dividing Range south from the Northern Tablelands of NSW and eastern Victoria with an extension 

to the Grampians. By contrast, the distribution of C. phaeoclavia given by AVH shows complete overlap 
between it and C. parva in south western Victoria and South Australia, such that C. parva is represented as 
wholly sympatric with C. phaeoclavia in those areas. The AVH map includes many specimens at the National 
Herbarium of Victoria and the State Herbarium of South Australia that have been identified as C. phaeoclavia 
and originated from within the area considered to support only C. parva by CANB and Backhouse and Jeanes 
(1995). Nevertheless, it is generally agreed that C. parva is absent from New South Wales, coastal Victoria east 
of South Gippsland and the Great Dividing Range and inland slopes in Victoria, except for the Grampian 
Ranges. The close morphological similarity between C. phaeoclavia and C. parva is well illustrated by the 
photographs in Backhouse and Jeanes (1995), Jeanes and Backhouse (2006) and Fig. 1. 

For consistency, Fig. 2 shows the distributions of C. parva and C. phaeoclavia for specimens identified by M.A. 
Clements and D.F. Jones and housed at CANB. In accordance with CANB, all populations in this complex in 
NSW and the eastern ranges of Victoria are considered in this paper to represent Caladenia phaeoclavia, and 
those in coastal regions from west of South Gippsland to South Australia are considered to represent C. parva. 
It is recognised that both species may be present in the Grampian Ranges. 

Methods 

Study species 

Caladenia parva, C. villosissima and C. phaeoclavia are perennial terrestrial herbs belonging to the Greencomb 
Spider Orchid complex, which currently comprises 24 species (Jones 2006). Each has a single erect hairy leaf 
at ground level and a solitary flower stem with dense erect hairs bearing one, or rarely two, terminal flowers 
in C. parva and C. phaeoclavia, or one to three flowers in C. villosissima. Plants flower in spring and die 
back in summer to the underground tuberoid, which is replaced annually. A new leaf is produced following 
soaking autumn rains. Greencomb Spider Orchids are distinguished by the greenish labellum whose upturned 
sides bear prominent long comb-like fringes, a deep maroon curled labellum apex and prominent tall maroon 
calli in four central rows from the near the apex to the base (Fig. 1). The three species grow in open forests, 
woodlands and heaths often with shallow or poor soils. 

Pollinator specificity tests 

Pollinator baiting (Stoutamire 1983, Peakall 1990) and pollinator choice experiments (Bower 1996) were used to 
determine the pollinator specificity of flowers from ten populations of Caladenia phaeoclavia, eight populations 
of C. parva and three populations of C. villosissima (Fig. 3, Table 1). In order to ensure that Caladenia phaeoclavia 
in the strict sense was being tested, samples were taken from the type population of C. phaeoclavia (Wambool 
Nature Reserve, Yetholme, NSW) and a population cited in the description (Mullion Creek (site 2)), both originally 
collected by the author. Similarly, samples of Caladenia parva and C. villosissima for baiting were collected from 
their type areas near Dergholm and Stawell in western Victoria, respectively (Fig. 4, Table 2). 

Baiting was conducted through much of the known ranges of the three taxa in New South Wales and Victoria 
(Fig. 4) in October and November in 1992,1995,1996 and 2006 to 2009. Most baiting was conducted as single 
species tests (Bower 1996) in which a single set of 3 flowers sampled from the same orchid population and 
species was presented by itself at a location where pollinator responses were obtained. Four such samples were 
tested only in the local area of the populations from which they taken (Table 1). Flowers from 6 populations 
were tested at 2 to 4 dispersed localities within the same region, e.g. central NSW or southern Victoria (Table 
1). Samples from ten populations were tested both in their local area and translocated long distances, up to 
750 km, to other regions for testing (Table 1). A sample from one population, Batlow on the NSW Southern 

Tablelands, was tested only after translocation to Mullion Creek on the NSW Central Tablelands (Table 1). A 
total of 41.7 hours of single species testing was conducted. In addition, 14 sequential choice tests (see below) 
were conducted in which sets of 3 flowers from multiple populations and species were presented to the same 
pollinator population sequentially. Sequential choice testing totaled 5.7 hours of test time. 
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Insects visiting sexually deceptive flowers vary considerably among individuals in the strength of their 
motivation. At the two extremes, many may not be duped by the flowers and fly away after a brief approach, 
while others land and interact vigorously with the labellum. Accordingly, criteria are needed for determining 
whether an insect that briefly visits in flight is considered to be responding to stimuli from a set of flowers. 
The criteria used in this study are: (1) approaching flowers directly in flight to within about 10 cm; (2) circling 
flowers closely in flight; and/or (3) landing on or within 5 cm of the flowers. The preceding criteria are the 
minimum requirements for capture of a visitor for identification. Following the initial attraction, insects may 

exhibit an escalating sequence of behaviours depending on the level of stimulus provided by the flowers and 
the drive of the insect. This sequence of behaviours was documented for each visit and categorized as (1) only 
approached the flowers in flight before flying away; (2) landed on any part of the flower; (3) attempted to mate 
with the labellum or tepal glands; (4) removed pollinia from the anthers; (5) arrived carrying pollinia from 
local flowers; or (6) pollinated the stigma of a test flower. Observation of behaviours 4 to 6 by any individual 
indicates the insect species is a capable pollinator (Bower 1996). Insects meeting any of the above criteria 
were captured, identified by Dr. Graham Brown (Museum and Art Gallery of the Northern Territory) and 

lodged in the Museum. Specimens of most orchid populations have been submitted to the Australian National 
Herbarium, Canberra. 

For pollinator baiting, a set of three flowers on 15 cm stems from the same population was placed in a vial of 
water mounted in a wood block on the ground in natural habitat. Two or more sets of flowers from different 
populations mounted 40 cm or more apart were monitored simultaneously in choice experiments. Sets of 
flower were oriented in a line perpendicular to the prevailing wind direction to minimise overlap of allomone 
plumes close to the vials. Flowers were exposed for a standard 3 min at each site since most insects within range 
of the allomone arrive within the first few minutes of an exposure (Peakall 1990). Each experiment comprised 
several to many exposures at multiple sites within a locality supporting a pollinator population, until up to 
20 insects had responded in total. Flowers were moved to new sites 20 m or more apart to attract additional 
insects by sampling a new segment of the pollinator population. 

To compare pollinator responses to Caladenia samples from different populations, sequential choice tests’ 
(Bower 1996) and sequential single species tests’ were used. A sequential choice test was used to establish 
whether a lack of responses to one or more sets of flowers in a choice test was due to the dominant attractiveness 
of other samples. A sequential choice test consisted of: (1) a 3 min exposure of sets of flowers with low or nil 
responses in a previous choice test, followed at the same site by (2) adding previously attractive flowers to the 
array for an additional 3 min as a control. Responses by insects in the first 3 min to previously unattractive 
flowers show the flowers have similar allomones, albeit quantitatively or qualitatively different, and may 
represent the same biological species as the more attractive samples. Flowers that remain unattractive, when 
there is a positive response to the controls, may have different allomones and a different pollinator, and may 
represent a different cryptic orchid biospecies. 

Sequential single species tests were used at some locations instead of sequential choice tests because of very 
high activity by responding insects at those locations. When two sets of highly attractive flowers were exposed 
together in choice tests, responding insects often failed to choose between them, instead flying in rapid loops 
from one to the other before departing. When each set of flowers was exposed singly, insects were able to 
pinpoint a single source of attraction, enabling them to home in, land and exhibit psedocopulatory behaviour. 

Accordingly, sequential single species tests involve 3 min exposures of single sets of flowers from different 
orchid populations, one after the other, within the same insect population. 

The approach of Bower and Brown (1997) was used to test for the possible existence of cryptic pollinator 
species. The method relies on the natural patchiness of insect populations in nature, such that if there are two 
or more cryptic insect taxa, one or other of them will be absent at locations where sister taxa are present. Two 
orchid taxa with different cryptic pollinators will each exclusively attract insects at some locations. Accordingly, 
sequential choice tests or sequential single species tests were conducted with samples of the three Caladenia 
species at as many pollinator locations as possible. 
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Fig. 2. Distributions of Caladeniaparva and C. phaeoclavia based on specimens identified by M.A. Clements and D.L. Jones 

housed at CANB. The distribution of C. villosissima is based on two specimens at MEL. 

Fig. 3. Source locations of Caladenia parva, C. phaeoclavia and C. villosissima used for baiting. (Albury [A], Batlow[Ba], 

Beechworth [Be], Dergholm [D] - 4 locations, Illawarra [I] - 2 locations, Knocker Track [KT], Lake Fyans [LF], Langkoop 

[L], Moe [M],Mullion Creek [MC] - 2 locations, Mount Jack [MJ], Mount Richmond [MR], Serra Road [SR],Nundle [N], 

Rosebud [R],Yetholme [Y]) 
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Fig. 4. Pollinator baiting locations at which responses by Lophocheilus anilitatus were obtained to Caladeniaparva, C. phaeoclavia 

and/or C. villosissima. (Badja State Forest [BSF], Beechworth [B], Chiltern [C] (2 locations), Crib Point [CP], Dergholm [D], 

French Island [FI], Grampian Ranges [Gr] (5 locations including Lake Fyans and Devils Garden State Forest), Glenelg National 

Park [Gl], Goulburn [Go], Kanangra-Boyd National Park [KB], Knocker Track [KT], Mount Kaputar [MK], Millers Landing 

[ML], Moe [M], Mount Richmond [MR] (includes Cobobbonee State Forest), Mullion Creek [MC] (2 locations), Paling Yards 

[PY], Wilkin [Wi],Woohlpooer [Wo],Yambira Mountain [YM] (2 locations),Yetholme [Y] (2 locations), 

Results 

Pollinator observations 

The thynnid wasp, Lophocheilus anilitatus (Smith) was the only insect visitor (Figs 5, 6) attracted to samples of 

Caladenia phaeoclavia, C. parva and C. villosissima throughout the area from Mt. Kaputar on the North West 
Slopes of NSW almost to the South Australian border in western Victoria (Fig. 4, Tables 1, 2). A total of 782 
L. anilitatus was attracted in 47.4 hours of baiting time at 42 locations with populations of the pollinator (Tables 1 
and 2). Of these, 402 L. anilitatus were attracted by Caladenia phaeoclavia, 323 by C. parva and 57 by C. villosissima 
(Table 1). C. phaeoclavia translocated from the NSW Central Tablelands attracted L. anilitatus at six locations in 
South Western Victoria, including Dergholm, the type area of C. parva (Tables 1 and 3). Conversely, C. parva 
samples from South Western Victoria attracted L. anilitatus in central western NSW (Tables 1,3). 

The behavioural interactions of Lophocheilus anilitatus with flowers showed it was capable of pollinating all 
three Caladenia taxa (Tables 1,3, Figs 5,6). Attempted mating by wasps on the labellum or lateral sepal clubs was 
recorded 125 times, representing 18.1% of the 690 interactions for which behaviour was recorded (Fig. 5, Table 3). 
Pseudocopulations by L. anilitatus were observed on flowers translocated up to 750 km between south western 
Victoria and eastern NSW and Victoria, and vice versa (Table 3). Removal of pollinia from the anthers of bait 
flowers was observed on 21 occasions (3.0% of interactions), including flowers translocated in both directions 
(Table 3). In all cases, pollinia were deposited in the same position on the centre of the wasps dorsal thorax. Only 
two pollinations of flowers were observed, both vector-mediated self-pollinations in which highly motivated wasps 
removed pollinia from the anthers of a flower and subsequently transferred it to the stigma of the same flower. 
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Fig. 5. Male thynnid wasp Lophochocheilus anilitatus 

arching its abdomen and probing the labellum 

lamina of Caladenia phaeoclavia with its genitalia. 

Fig. 6. Male Lophocheilus anilitatus pushing the 

anther covers of Caladenia phaeoclavia open with 

its thorax. 

In some places, notably Mullion Creek (site 1), Chiltern (site 1) and Beechworth in the east, and Lake Fyans 
and Dergholm in the west, large populations of L. anilitatus co-occurred with populations of C. phaeoclavia 
and C. parva, respectively. In these situations, relatively high proportions of wasps visiting bait flowers were 
carrying pollinia from the local orchid population, e.g. 30.0, 53.1 and 58.2% at Mullion Creek, Lake Fyans 
and Dergholm, respectively (Tables 3 and 4). This shows that wasp individuals with previous experience at 
local flowers were attracted to translocated bait flowers. However, pollination of stigmas was not recorded for 
pollen-bearing visitors, largely because the behaviour of most wasps was disturbed by lowering an insect net 
over the flowers in order to capture them before they departed. For this reason, the behavioral data presented 
here does not necessarily represent the natural situation. 

The above results were verified and extended by sequential choice experiments in the field (Table 4). 
Experiments 1 to 7 compare the responses of L. anilitatus to C. phaeoclavia and C. parva at four sites with 
high L. anilitatus populations, one within the distribution of C. phaeoclavia (Mullion Creek, NSW Central 
Tablelands) and three in the range of C. parva (south western Victoria). Translocated C. phaeoclavia and 
C. parva attract L. anilitatus when exposed sequentially to populations of the wasp in both western Victoria and 
the NSW Central Tablelands. Some 111 L. anilitatus were attracted to C. parva and 72 visited C. phaeoclavia 
in the choice tests (Table 4). L. anilitatus attempted to mate 14 and 10 times on the labellums of C. phaeoclavia 
and C. parva flowers, respectively, and removed pollinia from the anthers of two C. phaeoclavia flowers and 
one C. parva flower (Table 4). In addition, nine L. anilitatus visited translocated C. phaeoclavia flowers from 
the NSW Central Tablelands carrying pollinia from local C. parva plants in western Victoria. Conversely, 
five L. anilitatus carrying pollinia from local C. phaeoclavia flowers at Mullion Creek on the NSW Central 

Tablelands were attracted to translocated C. parva flowers from western Victoria (Table 4). 

Experiments 8 and 9 (Table 4) focus mainly on C. villosissima and C. parva in south western Victoria. 
C. villosissima and C. parva both attract L. anilitatus, with attempted matings on both orchid taxa (Experiment 
8, Table 4). L. anilitatus from the same wasp population at Dergholm was attracted to 4 samples of C. parva 
from areas close to Dergholm, three samples of C. parva from Rosebud, Lake Fyans and the Grampian Ranges, 
two samples of C. villosissima from near Stawell and Langkoop, and a sample of C. phaeoclavia from the Central 
Tablelands of NSW (Experiment 9, Table 4). In addition, all wasp samples contained multiple individuals 
carrying pollinia from the local population of C. parva (Experiment 9, Table 4). 

At none of the 42 baiting locations was there a lack of responses by the local population of L. anilitatus to any 
samples of the three Caladenia taxa tested at those locations. 
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Discussion 

Caladenia phaeoclavia, C. parva and C. villosissima are pollinated by the same common, widespread thynnid 
wasp species, Lophocheilus anilitatus. No evidence was found for cryptic species within L. anilitatus. The 
possession of a shared pollinator by C. phaeoclavia, C. parva and C. villosissima indicates they are likely to have 
the same allomone mimic of the wasp’s sex pheromone (Stokl et al. 2005). That the allomone is likely to be 
identical in all three taxa is supported by the uniform responses of L. anilitatus across all wasp populations to 
all three orchid taxa, including for translocations of up to 750 km. 

Strong prezygotic pollinator-mediated reproductive isolation is considered to be characteristic of sexually 
deceptive orchids (Paulus and Gack 1990, Bower 1996, Xu et al. 2011, Whitehead and Peakall 2014). The shared 
pollinator indicates pollinator-mediated reproductive isolation is absent between the three Caladenia species and 
that they may hybridise where their ranges meet or overlap. Other potential pre-zygotic isolation mechanisms 
are also absent including differences in pollen position on the vector and flowering times. Hybrids are considered 

to be relatively common in Caladenia (Backhouse and Jeanes 1995) suggesting that postzygotic reproductive 
barriers to hybridisation in the genus are weak or absent, which is also characteristic of sexual deception in 
general (Peakall et al. 1997, Stokl et al. 2008, Vereecken et al. 2010, Xu et al. 2011, Whitehead and Peakall 2104). The 
distribution of C. villosissima overlaps extensively with that of C. parva in western Victoria, and the distributions 
of C. phaeoclavia and C. parva meet in southern Victoria and the Grampians, indicating there is a high likelihood 
of introgression between the three taxa. However, given their close morphological similarity (Backhouse and 
Jeanes 1995, Jeanes and Backhouse 2006, Fig. 1), hybrids would be very difficult to detect visually in the field. 

Although weak postzygotic reproductive isolation seems likely, it cannot be discounted without further study. 
It is possible, for example, that the three species belong to separate lineages and have converged on the same 
effective pollinator (Stokl et al. 2005). However, the similarity of the three taxa (Fig. 1) suggests they most 
likely belong to the same lineage, which is reinforced by difficulty in field identification owing to a lack of 
discrete and definitive morphological differences (Jeanes and Backhouse 2006). A second possibility is that 
C. villosissima may be polyploid, which would create a post-zygotic barrier to hybridization with normal 
diploid species. C. villosissima is a robust species characterised by large leaves, thick stems and a tendency 
to multiple flowers that is unusual in Caladenia. These features suggest polyploid vigour (Comai 2005, Chen 
2010) and accordingly C. villosissima may be postzygotically isolated. If indeed C. villosissima is polyploid, 
it may co-exist with C. parva and C. phaeoclavia without hybridizing even though sharing a pollinator with 
them. The possibility of polyploidy in C. villosissima merits study. 

If C. villosissima is not polyploid, it is considered the available evidence favours the recognition of a single variable 
pollinator-specific species within the C. parva complex. Caladenia parva is the name with priority for this complex 
since it was described first (Carr 1991). C. parva in the broad sense would represent a single common, widespread, 
sexually deceptive orchid species with an abundant, similarly widespread pollinator. This interpretation is consistent 

with the pollinator data and species definitions that emphasise reproductive isolation and Specific Mate Recognition 
Systems rather than morphological divergence (Gornall 1997, Coyne and Orr 2004). A similar conclusion was 
reached for ten pollinator sharing morphospecies in the Caladenia reticulata complex (Swartz et al. 2014). 

The distribution of the C. parva complex, encompassing much of the range of the genus Caladenia in south¬ 
eastern Australia, and its morphological variation, suggest the orchid-thynnid relationship may be of relatively 
long standing in evolutionary terms. The recognition of three morphospecies within the complex suggests genetic 

divergence between regions. Accordingly, it would be of interest to determine the genetic variability within the 
complex and how it compares to other orchid groups, such as the C. reticulata complex which comprises many 
narrow range endemic morphospecies. By contrast many cryptic pollinator-specific sexually deceptive orchids 
(Bower 1996, 2006; Bower and Brown 1997, Peakall and Whitehead 2013) exhibit few or no morphological 
differences between sibling species. Such taxa may have diverged relatively recently. Alternatively, they may 
represent groups with conservative morphology, but high evolutionary lability in allomone composition. In some 
sexually deceptive orchid lineages, e.g. the valida clade in Chiloglottis and section Calonema of Caladenia, there 
appears to be little selection pressure to change morphology with a change in pollinator, which may reflect the 
relatively stereotypical mating behaviour of many thynnids (Bower 2006, Bower and Brown 2009). 

While it may be argued that the morphological variability in the C. parva complex appears unlikely to relate 
to selection by pollinators, some plant characters may reflect selection by local or regional environmental 
conditions. If so, local and regional variants may warrant taxonomic recognition, preferably at the subspecies 
or varietal levels. The C. parva complex is highly variable, including within morphospecies, encompassing 
a wide range of plant heights, flower size, osmophore colouration and tepal positioning. They grow in well- 
drained shallow stony to skeletal loamy soils and shallow clay loams on the Great Dividing Range in New 
South Wales, eastern Victoria and the Grampian Ranges, but may grow in stagnant alluvial soils in places like 
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Lake Fyans, in light brown sandy loams at Dergholm and poorly consolidated sands in southern Victoria. 
Populations of C. parva sensu stricto growing in sand, e.g. Mt. Richmond National Park, have short stems less 
than 10 cm high and the smallest flowers with deflexed tepals often appressed to the ovary. Although this taxon 
usually grows in nutrient-deficient soils, the plant form in very sandy habitats may reflect the high nutrient 
deficiency and low water-holding capacity of this soil type. 

While the more extreme variants such as C. parva and C villosissima may merit continued taxonomic 
recognition, there are difficulties in maintaining them at any taxonomic level. These include the high probability 
of hybridisation due to the shared pollinator and the existing identification problems with members of the 

complex that would continue. Accordingly, it is considered that C. phaeoclavia and C. villosissima should be 
synonymized with C. parva. Such an approach would recognise the key role that shifts in pollinators play in 
the speciation of sexually deceptive orchids and the results of recent studies that show species boundaries in 

cryptic sexually deceptive orchids are defined by allomone chemistry and pollinator specificity (Peakall et al. 
2010, Whitehead and Peakall 2014). This approach also recognizes the pre-eminence of reproductive isolation 
in establishing and maintaining species (Coyne and Orr 2004). Reproductive isolation is the underlying 

rationale of the Biological Species Concept (BSC) (Mayr 1963) and the related Recognition Species Concept 
(RSC) (Paterson 1995), both of which are highly applicable to sexually deceptive orchids. 

Table 1. Pollinator Baiting Locations, Number of Lophocheilus anilitatus Wasps Attracted and their Behaviour 

on Flowers of C. phaeoclavia, C. parva and C. villosissima. Note: Baiting locations as per Figure 4. Behaviour 
codes: A - L. anilitatus closely approach flowers in flight; C - L. anilitatus arrive at bait flowers carrying 
pollinia from the local population; L = L. anilitatus land on bait flowers; M = L. anilitatus attempt to mate with 
bait flowers; P = L. anilitatus pollinate bait flowers; R = L. anilitatus remove pollinia from bait flowers. 

Caladenia 
species 

Source of orchid sample Lophocheilus anilitatus 

Source location name 
Latitude 

(S) 

Longitude 

(E) 
Baiting locations 

Number 
attracted 

Observed 
behaviour 

Albury, NSW 36°03.334' 146°53.546‘ B, C2 2 A, L only 

Batlow, NSW 35°31.928’ 148°08.235' MC2 4 A, L only 

Beechworth, Vic 36°19.196’ 146°40.1 59' B, C2, YM2 22 M, R, C 

Knocker Track, Vic 36°54.909' 147°34.170' KT 18 M 

Moe, Vic 38°03.002' 146°19.304' M 10 A, L only 

C. phaeoclavia Mount Jack, Vic 36°29.626' 146°55.561' B, C2 9 C 

Mullion Creek, NSW (site 1) 33°06.364' 149°04.436' 
D, Grl, Gr2, Gr3, 
KB, LF, MCI, MK, 

ML, MR2; YM1, 

201 M, R, C, P 

Mullion Creek, NSW (site 2) 33°06.988' 149°10.474' MC2, PY 6 A, L only 

Nundle, NSW 31 °25.746' 1 51 °13.665' C2, KT, YM2, 27 M, R 

Yetholme, NSW 33°28.920' 149°45.578' Y1, Y2, YM1, Go 103 M, R 

Dergholm, Vic (site 1) 37°20.223' 141°14.637‘ D, YM2 12 C 

Dergholm, Vic (site 2) 37°19.494' 141 °1 5.526' D 8 C 

Dergholm, Vic (site 3) 37°17.079' 141 °11.168' D, YM2 23 M, R 

Dergholm, Vic (site 4) 37°16.787' 141 °12.988' D, ML 13 A, L only 

C. parva Lake Fyans, Vic 37°08.974' 142°37.057' 
CP, D, DGSF, LF, 

MR1, MR2, Wo, Wi 
111 M, R, C 

Mt. Richmond, Vic 38°15.247' 141 °25.188' MC2, MR1, MR2 40 M, R 

Rosebud, Vic 38°22.663' 144°54.311' D, FI, ML 28 A, L only 

Grampian Ranges, Vic 37°17.121' 142°25.124' 
B, D, Grl, Gr3, LF, 

MR2, MR2 
88 M, C 

lllawarra, Vic (site 1) 37°03.669' 142°41.169' DGSF 32 M, R 

C. villosissima lllawarra, Vic (site 2) 37°03.943' 142°42.287' D, YM2 12 A, L only 

Langkoop, Vic 37°07.088' 141°06.039' D, YM2 13 A, L only 

Total 782 
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Table 2. Numbers of Lophocheilus anilitatus collected at each baiting location. 

Baiting Location Latitude 
(S) 

Longitude 
(E) ‘ 

Number of 
specimens 

C. phaeoclavia 

Badja State Forest, NSW 36°02.377' 149°31.585' 17 

Beechworth, Vic 36°19.196' 146°40.1 59' 13 

Chiltern, Vic (site 1) 36°1 5.660' 146°41.953' 4 

Chiltern, Vic (site 2) 36°16.511' 146°39.480' 6 

Cobobbonee State Forest, Vic 38°12.804' 141°29.094' 12 

Dergholm, Vic 37°20.249' 141°14.638' 11 

Goulburn, NSW 34°39.929' 149°39.239' 48 

Grampian Ranges, Vic (site 1) 37°22.347' 142°30.096' 1 

Grampian Ranges, Vic (site 2) 37°16.427' 142°34.839' 10 

Grampian Ranges, Vic (site 3) 37° 17.121' 142°25.124' 26 

Kanangra-Boyd National Park, NSW 33°56.518' 1 50°03.180' 47 

Knocker Track, Vic 36°54.909' 147°34.170' 1 

Lake Fyans, Vic 37°08.836' 142°37.012' 13 

Millers Landing, Vic 38°55.253' 146°18.160' 10 

Moe, Vic 38°03.002' 146°19.304' 24 

Mount Kaputar, NSW 30°17.038' 1 50°09.104' 9 

Mullion Creek, NSW (site 1) 33°06.364' 149°04.436' 40 

Mullion Creek, NSW (site 2) 33°06.988' 149°10.474' 9 

Paling Yards, Orange, NSW 33°21.433' 148°54.712' 1 

Yambira Mountain, NSW (site 1) 33°50.342' 148°19.324' 72 

Yambira Mountain, NSW (site 2) 33°48.957' 148°20.699' 23 

Yetholme, NSW (site 1) 33°24.072' 149°47.728' 4 

Yetholme, NSW (site 2) 33°28.920' 149°45.578' 1 

C. parva 

Beechworth, Vic 36°19.196' 146°40.1 59' 6 

Cobobbonee State Forest, Vic 38°12.804' 141°29.094' 24 

Crib Point, Vic 38°21.681' 145°12.056' 6 

Dergholm, Vic 37°20.249' 141°14.638' 77 

Devils Garden State Forest, Vic 37°07.822' 142°33.998' 39 

French Island, Vic 38°19.848' 145°21.489' 9 

Glenelg National Park, Vic 38°09.202' 141 °20.802' 1 

Grampian Ranges, Vic (site 1) 37°16.427' 142°34.839' 8 

Grampian Ranges, Vic (site 3) 37° 17.121' 142°25.124' 26 

Lake Fyans, Vic 37°08.974' 142°37.057' 51 

Millers Landing, Vic 38°55.253' 146°18.160' 13 

Mount Richmond National Park, Vic 38°1 5.550' 141°25.9683' 15 

Mullion Creek, NSW 33°06.364' 149°04.436' 27 

Wilkin Flora and Fauna Reserve, Vic 37°40.335' 141°13.878' 6 

Woohlpooer, Vic 37°17.208' 142°07.308' 10 

Yambira Mountain, NSW (site 1) 33°49.230' 148°20.513' 5 

C. villosissima 

Dergholm, Vic 37°20.249' 141°14.638' 20 

Devils Garden State Forest, Vic 37°07.710' 142°34.142' 32 

Yambira Mountain, NSW (site 1) 33°49.230' 148°20.513' 5 

Total 782 
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Table 3. Behavioural interactions of Lophocheilus anilitatus on flowers of three species of Greencomb Spider 
Orchids (number). 

Eastern NSW and Victoria South Western Victoria 

Caladenia 
species 

Attempted 
matings 

Pol 1 in ia 
removal 

Pollination 
of stigma 

Wasps 
arriving 
with 
pollinia 

Attempted 
matings 

Pollinia 
removal 

Pollination 
of stigma 

Wasps 
arriving 
with 
pollinia 

C. phaeoclavia 54 13 2 21 43 2 0 9 

C. parva 1 1 0 6 24 4 0 80 

C. villosissima 0 0 0 0 3 1 0 10 

Table 4. Attraction of Lophocheilus anilitatus by Caladenia phaeoclavia, C. parva and C. villosissima in field 
choice tests. Refer ‘Methods’ for explanation of test procedures. Flowers labelled ‘A’ were exposed to pollinators 
in the first three minutes; flowers labelled ‘B’ and subsequent letters were exposed for subsequent three 
minute intervals at the same sites, either with sample A (Experiments 1,3 and 8) or without previous samples 
(Experiments 2,4,6,7 and 9). Experiment 9 was conducted with the assistance of Australasian Native Orchid 
Society members and not all behavioural data was recorded. NR = not recorded. 

Caladenia species Source of orchid 
No. 3 min. 
exposures 

No. wasps 
caught 

No. 
attempted 
matings 

No. 
pollinaria 
removals 

No. visitors 
with 
pollinaria 

Experiment 1. Mullion Creek (site 1), NSW, 7 October 1995, Sequential test. 

A. C. parva Lake Fyans, Vic. 30 7 0 0 0 

B. C. phaeoclavia Mullion Creek (site 1), NSW 30 3 0 0 0 

Experiment 2. Mullion Creek (site 1), NSW, 14 October 1995, Sequential single species test. 

A. C. parva 
Mt. Richmond National Park, 

Vic 
10 12 0 0 5 

B. C. phaeoclavia Mullion Creek (site 1), NSW 14 8 0 0 1 

Experiment 3. Grampian Ranges (site 1), Vic, 22 Oct. 1996, Sequential test. 

A. C. phaeoclavia Mullion Creek (site 1), NSW 9 26 7 1 1 

B. C. parva Grampian Ranges (site 2), Vic 9 11 1 0 0 

Experiment 4. Grampian Ranges (site 2), Vic, 22 Oct. 1996, Sequential single species test. 

A. C. phaeoclavia Mullion Creek (site 1), NSW 16 10 4 1 0 

B. C. parva Grampian Ranges (site 1), Vic 13 8 1 0 0 

Experiment 5. Lake Fyans, Vic, 23 Oct. 1996, Sequential single s pecies test. 

A. C. parva Lake Fyans, Vic. 12 19 1 0 12 

B. C. phaeoclavia Mullion Creek (site 1), NSW 11 13 2 0 8 

C. C. parva Grampian Ranges (site 1), Vic 4 17 0 0 6 

Experiment 6. Cobobbonee State Forest, Vic, 24 Oct. 1996, Sequential single s pecies test. 

A. C. parva Grampian Ranges (site 1), Vic 1 11 4 0 0 

B. C. phaeoclavia Mullion Creek (site 1), NSW 1 12 1 0 0 

C. C. parva 
Mt. Richmond National Park, 

Vic 
5 13 3 1 0 

Experiment 7. Mullion Creek (site 1), NSW, 26 Oct. 1996, Sequential single species test. 

A. C. parva Grampian Ranges (site 1), Vic 7 10 0 0 0 

B. C. parva 
Mt. Richmond National Park, 

Vic 
12 3 0 0 0 

Experiment 8. Devils Garden State Forest, Vic, 11 Oct. 2006, Seq uential test. 

A. C. villosissima lllawarra (site 1), Vic 7 27 3 1 0 

B. C. parva Lake Fyans, Vic 7 20 2 0 0 

Experiment 9. Dergholm (site 2), Vic, 16 Oct. 2008, Sequential single species test. 
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A. C. parva Dergholm (site 1), Vic 11 10 0 0 4 

B. C. parva Dergholm (site 2), Vic 14 8 0 0 6 

C. C. parva Dergholm (site 3), Vic NR 20 NR NR 16 

D. C. parva Dergholm (site 4), Vic NR 10 NR NR 4 

E. C. parva Grampian Ranges (site 1) NR 10 NR NR 3 

F. C. parva Rosebud, Vic NR 9 NR NR 7 

G. C. parva Lake Fyans, Vic NR 11 NR NR 7 

H. C. villosissima Langkoop, Vic NR 10 NR NR 7 

1. C. villosissima lllawarra (site 2), Vic NR 10 NR NR 3 

J. C. phaeoclavia Mullion Creek (site 1), NSW NR 11 NR NR NR 
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Abstract 

This revision of Pertusaria in the Galapagos Islands documents twenty-four species, twenty-two being new to 
the archipelago. Secondary chemistry correlates well with morphology and anatomy and is particularly useful 
in distinguishing these taxa. Eight species are described as new to science, and seven are known only from the 
Galapagos: Pertusaria albineoides, P. cerroazulensis, P. darwiniana, P. medullamarilla, P. stictica, P. thioisidiata 
and P. xanthoisidiata. Pertusaria lueckingii is new, but it also occurs in Central America (El Salvador). Three 

new endemic varieties are described based on their chemistry: Pertusaria thioisidiata var. isidiogyrophorica, 
P. tejocotensis var. stictica and P. xantholeucoides var. thamnolica. In contrast with previous studies on other 
genera where rates of endemism of 8-10% were observed, in Pertusaria 30-37% of all species and 41-46% of 
all taxa are considered endemic. 

Introduction 

With a recent world-wide key to the species, Pertusaria appears to be one of the better known and more 
extensively studied lichen genera (Archer and Elix 2011). Nevertheless, since this key first went online, new 
species continue to be discovered. For the Galapagos, Weber (1986) cited only three species, and although all 
were described as endemic, he considered that P. bispora (Farl.) Linder, could possibly be a synonym of the 
widely distributed P. pustulata (Ach.) Duby, and that the type of P. colobina Tuck., was likely mislabelled and 
did not actually originate from the Islands. Subsequent updates of the checklist (e.g., Elix and McCarthy 1998, 
Weber 1993) do not include any additional species of Pertusaria. For the archipelago this essentially left only 
one confirmed record of this highly diverse genus, a genus that is otherwise well represented throughout the 
tropics, common in dry forests like the Galapagos lowlands, and highly diverse in cloud forests, a vegetation 
type well represented in the humid Galapagos highlands. 

It would appear obvious that these few records from almost thirty years ago seriously underestimated the 
natural diversity of this genus in the archipelago. In order to assess the species diversity of Galapagos Pertusaria 
for the 2005-2015 Galapagos Lichen Inventory (Bungartz et al. 2011), we examined both historic collections 
and specimens collected more recently. The results presented here report many records of species previously 
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overlooked as well as a large number of new taxa (species and varieties), all but one of which are unknown 
from continental America (or elsewhere), and may be endemic to the archipelago. 

Materials and Methods 

The Galapagos Archipelago comprises more than 123 islands in the eastern Pacific Ocean: islands, islets and 
large rocks that emerged from the sea as a result of volcanic hot spot activity; fourteen islands are somewhat 
arbitrarily recognized because of their size as the principal islands (Snell et al. 1995, 1996). The Galapagos 
climate is unusually dry, with a hot and cool season and prevailing winds from the south and south-east 
(Trueman and d'Ozouville 2010). Five principal vegetation zones can be distinguished: coastal, dry, transition, 
humid and high altitude dry zone (Bungartz et al. 2009, Tye et al 2002, Tye and Francisco-Ortega 2011). 

As part of the Galapagos Lichen Inventory the following islands have been visited and vegetation zones 
surveyed: Isabela (Volcan Sierra Negra, Volcan Alcedo, Volcan Darwin, Volcan Cerro Azul), Santiago (incl. 
Rabida, Bartolome), Santa Cruz (incl. Santa Fe, Plaza Sur, Plaza Norte, Roca Gordon, Pinzon), Pinta, Espanola, 
Floreana and San Cristobal. 

Herbarium collections of the inventory are deposited at CDS; specimens from historic collections have also 
been examined (B, COLO, CAS, FH, H, OSC, S). Detailed collection information of Galapagos specimens 
used in this study can be downloaded from the CDF Collections Database (http://www.darwinfoundation. 
org/datazone/collections/). 

All specimens were examined with a Zeiss Stemi DV4 dissecting microscope and a Zeiss Imager A1 compound 
microscope equipped with differential interference contrast. Macrophotographs were taken with a Nikon D300 
and/or D7000,62 mm Nikkor Micro Lens and R1 Cl macro flash directly in the field, or using a Novoflex macro¬ 
table to take images of herbarium specimens; for photographic magnifications higher than 1:1 an extension 

tube or Novoflex bellows was used. For microphotographs the compound microscope was equipped with 
a Nikon DSLR phototube. Photographs in the laboratory were taken with Control My Nikon 5.2 (http://www. 
controlmynikon.com/); all photos were databased with the program IDimager 5 using the Darwin Core XML 
schema to embed collection and identification information as XMP metadata (http://owl.phy.queensu.ca/~phil/ 

exiftool/TagNames/DarwinCore.html). Photographs were further processed with Adobe Photoshop CS6 software. 

For spore measurements the Zeiss Imager A1 compound microscope was equipped with an ocular micrometre. 
Where possible, ascospores of at least three different specimens were measured, typically more than 10 
ascospores per specimen. However, for some species insufficient material resulted in fewer measurements. In 
the descriptions these numbers are presented as: 

(minimum length-)average length minus SD - average length plus SD(-maximum length) pm long, 

(minimum width-)average width minus SD-average width plus SD{-maximum width) pm wide 
(n = total number of spores measured). Note: CSD' = standard deviation; n = number of samples. 

For the identification key to species (see below), the extreme values were considered less useful for identification 
purposes and so were not included. When conidia were observed, measurements are given as minimum and 
maximum of length and width; the total number of measurements (n) is included. Generally, less conidia were 
measured than ascospores and in several species we did not observe pycnidia. Therefore, measurements are 
presented as rounded to the nearest micrometer. Macroscopic thallus characteristics (e.g.,diam. of soralia, apothecia, 
etc.) were measured using an ocular micrometer of the Zeiss Stemi DV4, calibrated at highest magnification (32x) 

with the smallest scale unit measuring 0.1429 mm. The typical range of measurements is presented as minimum 
and maximum, sometimes extreme values that lie outside the normal range are also included. 

Secondary metabolites were examined from a selection of specimens using standardized thin-layer 
chromatography, routinely using solvent C, for selected specimens also solvent B' or solvent A (Orange et 
al. 2001, 2010), and to better resolve xanthones solvent F was used (Elix et al. 1991, Elix and Crook 1992). 
Instead of the conventional upright TLC tanks, a horizontal HPTLC developmental chamber was used (Arup 
et al. 1993). A protocol first suggested by Egan (2001) to document and conserve TLC results was modified 
here as follows: TLC plates were photographed with a Nikon D7000 digital camera. Photographs were taken 
immediately after running the solvent, in long wave (A365 nm) and short wave (A.254 nm) UV light, before 
applying 10% H2S04. After the H2S04 treatment and charring in a laboratory oven for approx. 8 min at 110°C, 
a second set of photographs in visible light and short-wave UV (A.254 nm) were taken. Standard spot tests with 
reagents P, K and C were routinely carried out using methods described in Bungartz (2002). UV-fluorescence 
of thalli was studied under long wave UV light (A365 nm). Lugol's iodine was used to study asci following a 
routine protocol outlined in Bungartz (2002). 
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Results 

This revision of Pertusaria from the Galapagos confirms the occurrence of the previously reported endemic, 
P. albinea. In addition, records of P. bispora are reduced to synonymy with the widely distributed P. thiospoda. 
Records of Coccotrema (Pertusaria) colobinum have been excluded from the Galapagos checklist. 

Twenty-two species of Pertusaria are reported for the first time, eight are described as new to science, and 
seven of these are considered endemic. New chemotypes of two other taxa are described here as new varieties, 
while one of the newly described species occurs as two chemically distinct varieties. 
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Key to Pertusaria species of the Galapagos 

Thallus lacking apothecia. 2 

Thallus with verruciform apothecia. 11 

Thallus isidiate. 3 

Thallus sorediate .4 

Thallus corticolous; thiophaninic acid absent; medulla white throughout; isidia granulose to dactyliform, 
neither branched nor pycnidiate.P. xanthoisidiata 

Thallus saxicolous; thiophaninic acid present; medulla white or pale lemon-yellow in part; isidia cylindrical 
or sparsely branched, apically often pycnidiate. P. thioisidiata 

Thallus containing thamnolic or haemathamnolic acid; soredia coarsely granular, KC+ bright lemon- 
yellow, C+ bright lemon-yellow . 5 

Thallus lacking thamnolic and haemathamnolic acids; soredia farinose to moderately granular, KC-, C- 7 

Thallus saxicolous, distinctly areolate; individual areoles dispersed; containing thamnolic acid only. 
.P. xantholeucoides var. thamnolica 

Thallus corticolous, rimose-areolate, forming a contiguous crust with secondary fissures; containing 
haemathamnolic acid with ttraces of thamnolic acid or thamnolic acid only. 6 

Thallus containing haemathamnolic and ttraces of thamnolic acid.P. commutata 

Thallus containing thamnolic acid; haemathamnolic acid absent . P. leucosorodes 

Stictic and norstictic acids absent; medulla and soredia K-; soralia ill defined, very irregular, coarsely 
granular and ±coralloid.P. lueckingii 

Stictic or norstictic acid present; medulla and soredia K+ yellow or K+ orange-red (crystals); soralia well 
delimited, rarely confluent, farinose to moderately granular, but not coralloid . 8 

Thallus with norstictic acid, medulla and soredia K+ orange-red (crystals) . P. erythrella 

Thallus with stictic acid, medulla and soredia K+ yellow. 9 

Thallus containing lichexanthone, UV+ bright yellow; soredia well defined, but not delimited by a thalline 
margin or membrane. P. oahuensis 

Thallus containing 4,5-dichlorolichexanthone or xanthones absent, UV- or UV± pale yellow or dull 
orange (not bright); soredia delimited by a thalline margin or at least a thin thalline membrane. 10 

4,5-dichlorolichexanthone present; thallus moderately thin, contiguous to rimose, with a distinctly 
corticate, smooth surface; soredia typically delimited by a distinct thalline margin, rarely by a thin 
membrane .P. darwiniana 

Xanthones absent; thallus very thin, not fissured, but ±discontinuous in part (the substrate shining 
through); soredia delimited by a thin thalline membrane. P. stictica 

Thallus saxicolous. 12 

Thallus corticolous. 14 

Inner ascospore wall distinctly laminated; medulla white throughout, KC-, C-.P. tejocotensis var. stictica 

Inner ascospore wall smooth, not laminated; medulla pale to deep lemon-yellow in part, KC+ orange, 
C+ orange. 13 
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13 Lichexanthone present; isidia present, but occasionally scarce, particularly when verruciform apothecia 
are well developed; lemon-yellow medullary pigmentation sparse or absent. P. thioisidiata 

Gyrophoric acid absent .var. thioisidiata 

Gyrophoric acid present.var. isidiogyrophorica 

13: Lichexanthone absent; isidia absent, verruciform apothecia typically abundant; lemon-yellow medullary 
pigmentation abundant.P. medullamarilla 

14 Stictic or norstictic acid present; medulla K± yellow (reaction sometimes restricted to parts of the medulla 
only) or K+ orange-red (crystals) . 15 

14: Stictic and norstictic acids absent; medulla K-.21 

15 Thallus lacking xanthones, surface UV-; medulla with norstictic acid, K+ orange-red (crystals) . 
.P. endoxantha 

15: Thallus with xanthones, surface UV+ pale to bright yellow or deep orange; medulla with stictic acid, K± 
pale to deep yellow, norstictic acid absent (no crystals) . 16 

16 Thallus C+ orange, KC+ orange (thiophaninic acid present); surface at least with a pale yellow tinge, often 
distinctly lemon-yellow or deep yellow. 17 

16: Thallus C-, KC- (thiophaninic acid absent); surface whitish to mineral grey-brown to greenish grey or 
ivory to beige . 19 

17 Inner ascospore wall persistently smooth; ostioles darkened, often papillate and usually encircled by a 
strong yellow pigmentation .P. texana 

17: Inner ascospore wall becoming distinctly grooved with age; ostioles pale, not papillate, not encircled by a 
pigmentation deeper than the thallus surface. 18 

18 Ostioles punctiform, not expanding, indistinct; medulla K+ deep yellow throughout; thallus surface 
smooth; asci 2(-4)-spored .P. xanthodes 

18: Ostioles punctiform to dilating, distinct; medulla K± weakly yellow (reaction often confined to parts of 
the lower medulla; most pronounced along the inner apothecial wall); thallus surface rugose; asci (1- or) 
2-spored. P. thiospoda 

19 Thallus with lichexanthone, UV + bright yellow; surface at least in parts conspicuously papillate-verrucose; 
most apothecia polycarpic and several typically fused into tgnarled and contorted clusters, rarely single; 
ostioles typically expanding into a small brownish disc delimited by an inconspicuous margin; asci with 
(4-)6-8 ascospores .P. nigrata 

19: Thallus lacking lichexanthone (or present only in traces), UV+ pale or deep yellow orange (not bright); 
surface coarsely wrinkled (rugose to tplicate), but not papillate-verrucose; some apothecia polycarpic, 
but typically single, rarely fused; ostioles inconspicuous, punctiform, grey, often with a translucent rim; 
asci with 2-4(-6) ascospores.20 

20 Inner ascospore wall conspicuously spirally grooved; punctiform ostioles typically forming where the 
apex of the hemispherical apothecia burst open and the smooth cortex has torn apart.. P. tetrathalamia 

20: Inner ascospore wall smooth, not grooved; punctiform ostioles forming at the apex of hemispherical 
apothecia, sometimes in a slight depression, but cortex apically not torn apart. P. cerroazulensis 

21 Thallus surface UV+ bright orange, distinctly lemon-yellow, rarely pale, but yellow pigmentation then 
always more pronounced around the ostioles.22 

21: Thallus surface UV- or UV±pale yellow (dull, not bright), not yellow, pale mineral grey to pale olive or 
greyish white to pale beige, often darker around the ostioles, but not yellow.24 

22 Asci with 1 or 2 ascospores; inner spore initially smooth, but becoming finely to strongly incised with age 
(net-like ornamentation). P. thiospoda 

22: Asci with more than 4, typically 6 or 8 ascospores; inner spore wall remaining smooth, not becoming 
incised.23 

23 Ascospores broadly oblong to narrowly ellipsoid, (44-)60-79(-88) pm long; asci with (4-)6(-8) spores . 
.P. endochroma 

23: Ascospores broadly ellipsoid to tcitriform, (37-)45-59(-68) pm long; asci with (6-)8 spores.P.flavens 
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24 Asci with (2-)4 spores; thallus C+/KC+ orange; thiophaninic and perlatolic acids present; apothecia 
typically fusing, rarely single, disc-shaped to subglobose, apically distinctly flattened, constricted at their 
base; with (l-)2-4(-6) ostioles .P. galapagoensis 

24: Asci with 8 spores; thallus C-/KC-; thiophaninic and perlatolic acids absent; apothecia wart-shaped to 
hemispherical, apically not flattened, not constricted at their base; with l-3(-4) ostioles.25 

25 Ascospores broadly ellipsoid, 31-55 pm long, 18-27 pm wide, much thickened apically (to 10 pm); found 
in the dry and lower transition zone .P. albinea 

25: Ascospores narrowly ellipsoid; 51-68 pm long, 17-25 pm wide, barely thickened apically (to 4 pm); found 
in the upper humid zone.P. albineoides 

Pertusaria albinea Tuck., Proceedings of the American Academy of Arts and Sciences 12: 177 (1877) 

Type: ECUADOR. Galapagos: specific locality unknown, anno 1872, Willey s.n. (Holo: FH-Tuck60330, 
Tuckerman herbarium sheet no. 2223, n.v.); iso: US69128! 

Taxonomic comment: Tuckerman (1877) described this species based on material collected in the Galapagos 
Islands by H. Willey during the Hassler Expedition of 1872. Consequently, the name has priority over Pertusaria 
albinea Miill.Arg. (Bulletin de VHerbier Boissier 3: 639,1895). 

Figs la-d 

Thallus corticolous, crustose, continuous to rimose; surface greyish white to pale beige, dull to ±shiny, smooth, 
epruinose, scarcely verrucose, lacking soredia and isidia; medulla white; margin not distinctly zonate, typically 

delimited by a thin, compact, black prothallus (especially where adjoining other thalli). Apothecia verruciform, 
wart-shaped to hemispherical, 0.5-1.2(-1.5) mm diam., single, typically not fusing, not constricted at their base, 
concolorous with the thallus, mono- to polycarpic, with 1-3(-4) brownish black, punctiform ostioles, delimited by 
a thin, ttranslucent rim; thalline exciple dull brown outside, hyaline inside, with few large crystals (persistent in K) 
and abundant minute crystals (dissolving in K); epihymenium pale olive, K- or K± violet (reaction often very pale); 
proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium not inspersed, of 
branched and sparingly astomosing hyphae, tloosely intertwined around asci; asci cylindrical, 8-spored; ascospores 
hyaline, citriform to broadly ellipsoid, (24-)30-55(-73) pm long, (15—) 18—28(—41) pm wide (n = 70); spore wall 
2-layered; inner wall 3-4 pm wide, smooth (not grooved or laminated), apically much thickened (‘trimmed'; up to 
10 pm), outer wall 3-5 pm thick, with conspicuous microrugulate ornamentation; pycnidia not seen. 

Chemistry: Cortex P-, K± yellowish, C-, KC-; medulla P-, K± yellowish, C- , KC-, UV± pale yellow; 

2,4,5-trichlorolichexanthone, ±2,5-dichlorolichexanthone, ±4,5-dichlorolichexanthone. 

Distribution and ecology: Endemic to the Galapagos Islands, in the dry and lower transition zone, most 
commonly growing on Bursera graveolens. 

Notes: Pertusaria albinea is one of four fertile species with a pale greyish white to ivory thallus. It is superficially 
very similar to P. albineoides, P tetrathalamia and P. cerroazulensis. Pertusaria albineoides is distinguished here by its 
different ecology (see below) and its longer, narrowly ellipsoid, thin-walled spores that are apically barely trimmed. 
Pertusaria tetrathalamia and P. cerroazulensis can look similar, but they contain stictic acid and have larger, more 
convex, hemispherical to subglobose apothecia; those of P. albinea are ±conical, wart-shaped and it lacks stictic acid. 
Pertusaria albinea consistently has 8, small, broadly ellipsoid spores per ascus (31-55 pm long), P cerroazulensis 
typically 6-8, larger, narrowly ellipsoid, spores (45-77 pm long). Asci of P. tetrathalamia are usually 4-spored, and 
the spores are fusiform, conspicuously internally grooved and 83-108 pm long; it is the only corticolous species 
treated with a pale thallus and erumpent verruciform apothecia (i.e., the cortex apically typically tears apart). 

The ecology of these species also differs: P. albinea is the only species characteristic of the dry zone, 
P. tetrathalamia is more common in the transition zone, and both P. albineoides and P. cerroazulensis are 
restricted to the humid zone. 

Holotype material of P albinea in FH was analyzed in 2004 with thin-layer chromatography by U. Lange, 
University of Regensburg, who suggested the material did not contain secondary metabolites (plate 
no. 29; anal.-no. 489: ‘nil'). This appears unlikely, yet the specimen in FH is now so fragmentary that no 
further material could be sacrificed for chemical analysis (M. Schmull, pers. comm.). We were able to 
locate isotype material in US and obtained permission to analyze a small fragment. This fragment (Willey 
s.n., US69128) contained 2,4,5-trichlorolichexanthone and 4,5-dichlorolichexanthone. Only one recently 
collected specimen from the Galapagos (Aptroot 65075, CDS31657) contains exactly the same xanthones, 
whereas other specimens examined contained 2,4,5-trichlorolichexanthone and 2,5-dichlorolichexanthone 
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(the chemistry also observed in P. albineoides). However, this is not unusual. When present as a major 
component 2,4,5-trichlorolichexanthone often co-occurs with minor quantities of 4,5-dichlorolichexanthone, 
2.5- dichlorolichexanthone, 2,4-dichlorolichexanthone and 2-chlorolichexanthone; the latter compounds often 
occur in variable concentrations and have little or no taxonomic significance. 

Additional specimens examined: ECUADOR. Galapagos: Isabela Island, Volcan Darwin, southwestern 
foothills, above Tagus Cove, 0°14'50"S, 91°21'29.89"W, 67 m alt., dry zone, trunk of Bursera graveolens, 11 Nov 
2007, Ertz 11748 (CDS37107); loc. id., Bungartz 7379 (CDS37866). Santa Cruz Island, vicinity of Academy 
Bay, on bark of Bursera, 15 Feb 1964, Weber 164 (C0L0188868; L40346). Santiago Island, along the trail from 
Bucanero to Jaboncillos, c. 3 km SE of Bucanero, 0°10'52"S, 90°48'33"W, 362 m alt., transition zone, on bark of 
Bursera, 22 Mar 2006,Aptroot 65389 (CDS31975). 

Pertusaria albineoides Bungartz, A.W.Archer, Yanez-Ayabaca & Elix, sp. nov. 

MycoBank No.: MB 814346 

Similar to P. albinea, but with longer, narrowly ellipsoid ascospores with thinner apical walls. 

Type: ECUADOR. Galapagos: Isabela Island, Volcan Alcedo, outer SE-exposed slope and crater rim, 
0o27'29"S, 91°7T9"W, 1089 m alt., humid zone, disturbed by former grazing of goats, therefore with scattered 
trees (Tournefortia rufo-sericea, Zanthoxylum fagara), on semi-shaded, wind- and rain-exposed trunk of 
Scalesia microcephala (c. 5-15 cm diam.), 5 Mar 2006, Bungartz 4066 (CDS27996, holotype). 

Figs le-f 

Thallus corticolous, crustose, continuous to rimose; surface greyish white to pale beige, dull to ±shiny, smooth, 
epruinose, scarcely verrucose, lacking soredia or isidia; medulla white; margin not distinctly zonate, typically 
delimited by a thin, compact, black prothallus (especially where adjoining other thalli). Apothecia verruciform, 
wart-shaped to hemispherical, 0.3—0.7(—1) mm diam., single, typically not fusing, not constricted at their base 
(ampliariate), concolorous with the thallus, mono- to polycarpic, with l(or 2) brownish black, punctiform 
ostioles, delimited by a thin, ttranslucent rim; thalline exciple dull brown outside, hyaline inside, with few large 
crystals (persistent in K) and abundant minute crystals (dissolving in K); epihymenium pale olive, K- or K± violet 
(reaction often very pale); proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; 
hymenium not inspersed, of branched and sparingly anastomosing hyphae, tloosely intertwined around asci; 
asci cylindrical, 8-spored; ascospores hyaline, narrowly ellipsoid, (39-)51-67(-78) pm long, (16—) 19—27(—31) pm 
wide (n = 25); spore wall 2-layered, inner wall 3-4 pm wide, smooth (not grooved or laminated), apically barely 
thickened (to 4 pm), outer wall 2-3 pm thick, with faint microrugulate ornamentation; pycnidia not seen. 

Chemistry: Cortex P-, K± yellowish, C-, KC-; medulla P-, K± yellowish, C-, KC-, UV± pale yellow; containing 

2.4.5- trichlorolichexanthone, 2,5-dichlorolichexanthone. 

Etymology: Similar tocalbinea. 

Distribution and ecology: Endemic to the Galapagos Islands; known only from the humid zone of Volcan 
Alcedo, on Croton scouleri and Scalesia microcephala. 

Notes: See discussion under P. albinea. 

Additional specimens examined: Ecuador. Galapagos Islands: Isabela Island, Volcan Alcedo, outer SE- 
exposed slope and crater rim, 0°27'29"S, 91°7T9"W, 1089 m alt., humid zone, on Croton, 5 Mar 2006, Aptroot 
65073 (CDS31655); loc. id., Aptroot 65075 (CDS31657). 

Pertusaria cerroazulensis Bungartz, A.W.Archer, Yanez-Ayabaca & Elix, sp. nov. 

MycoBank No.: MB 814347 

Similar to P. albineoides, but containing stictic acid and lacking 2,4,5-trichlorolichexanthone. 

Type: ECUADOR. Galapagos: Isabela Island, Volcan Cerro Azul, steep outer slopes of the volcano above 
Cerro Verde, 0°57'28.5"S, 91°24'29.T'W, 1238 m alt., humid zone, small, shaded woodland of Tournefortia rufo- 
sericea, Cordia leucophlyctis and Psidium galapageium, on wooden, semi-shaded twigs of Guayabillo, 7 May 
2012, Spielmann 10594 (CDS51961, holotype). 
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Fig. 1. a-d Pertusaria albinea (Willey; H. s.n., US 69128, isotype); a herbarium packet with specimen (photo courtesy 

US, scale 3 cm); b thallus aspect (photo courtesy US, scale 1 mm); c section of verruciform apothecium (scale 40 pm); 

d broadly ellipsoid, conspicuously trimmed ascospores (scale 25 pm); e, f P. albineoides (Bungartz 4066, CDS27996, 

holotype); e thallus aspect (scale 3 mm); f narrowly ellipsoid, barely trimmed ascospores (microrugulate ornamentation 

of outer spore wall particularly visible; scale 20 pm). 
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Figs 2a-c 

Thallus corticolous, crustose, continuous to rimose; surface ivory or creamy white to pale beige, dull to ±shiny, 
smooth, epruinose, ±wrinkled (rugose), lacking soredia and isidia; medulla white; margin not distinctly zonate, 
typically delimited by a thin, compact, black prothallus (especially where adjoining other thalli). Apothecia 
verruciform, hemispherical, 0.7—1.2(—1.8) mm diam., single or rarely fusing, moderately to distinctly constricted 
at their base, concolorous with the thallus, apically ±flattened, (mono- to) polycarpic, with (l-)2-3(-4) greyish 
to blackish, punctiform to ±papillate ostioles; thalline exciple hyaline, with few large crystals (persistent in 
K) and abundant minute crystals (dissolving to form a yellow solution in K, ?stictic acid), cortex lacking 
crystals; epihymenium pale olive, K-; proper exciple and hypothecium hyaline to pale yellowish, not inspersed 
with crystals; hymenium not inspersed, of branched and sparingly anastomosing hyphae, ±loosely intertwined 
around asci; asci cylindrical, (4-)6-8-spored; ascospores hyaline, narrowly ellipsoid, (29-)55-77(-88) pm long, 

(17-)23-36(-63) pm wide (n = 46); spore wall 2-layered, inner wall 2-3 pm wide, smooth to ±irregular (not 
distinctly grooved or channelled), apically ±thickened (c. 4-6 pm), outer wall 2-4(-6) pm thick, smooth to very 
faintly ornamented; pycnidia not seen. 

Chemistry: Cortex P-, K-, C-, KC-; medulla P+ orange, K+ deep yellow, C- , KC-, UV+ reddish orange; 
containing lichexanthone (trace), 2-chlorolichexanthone, 2,4-dichlorolichexanthone, stictic acid, cryptostictic 
acid, constictic acid. 

Etymology: Growing on Volcan Cerro Azul. 

Distribution and ecology: This rare endemic is currently only known from several collections from a small 
remnant woodland of Guyabillo (Psidium galapageium) at Volcan Cerro Azul, on Isabela Island. The southern 
slopes of Cerro Azul generally receive the highest rainfall in the archipelago; throughout the year they are 
typically enshrouded in clouds. Feral pigs and cattle roam freely and the vegetation is very heavily grazed. 
On the upper slopes only scarce catclaw trees (Zanthoxylon fagara) and Tournefortia rufo-sericea shrubs 
survive, but on the lower slopes forests of introduced Guava (Psidium guajava) are abundant. Trees of endemic 
Guyabillo only survive on the steepest, inaccessible slopes. 

Notes: The species is superficially similar to both P. albinea and P. tetrathalamia (for a discussion see comments 
under P. albinea). 

Additional specimens examined: ECUADOR. Galapagos: Isabela Island, Volcan Cerro Azul, wide, open 
ditch between two lava ridges to the West above Cerro Verde, 0°57'9.40"S, 91°24'31.5"W, 1436 m alt., humid zone, 
on branches and twigs of Psidium galapageium, 6 May 2012, Spielmann 10572 (CDS51941), 10571 (CDS51940); 
Bungartz 10388 (CDS52358); on branches and trunk of Croton, 6 May 2012, Spielmann 10554 (CDS51912). 

Pertusaria commutata Miill.Arg., Flora 67: 269 (1884) 

Figs 2a-c 

Thallus corticolous or lignicolous, crustose, continuous to rimose or rimose-areolate; surface vivid white to 
pale whitish, lead-grey, greenish or olive-grey, often with a pale pinkish tinge, rarely tbeige, ±shiny, smooth, 
epruinose, coarsely wrinkled (rugose to tplicate), along the margin with sparse, punctiform, often tpapillate 
pseudocyphellae; soralia 0.3-0.8(-l) mm diam., concolorous with the thallus or, more commonly, vivid white, 
sometimes with a pale pinkish tinge, sparse to abundant, mostly single and dispersed, very rarely tconfluent 
when crowded, strongly convex, hemispherical to subglobose, eventually apically ±flattened, circular in 
outline, distinctly pustulate, i.e., forming from pseudocyphellate papillae into verrucae that break open apically 
to release coarse, corticate granules that transition into ±pseudocorticate blastidia and compact, ecorticate 
soredia; medulla white; margin not distinctly zonate, but rarely inconspicuously banded by one or several lines 
of a compact, shiny black prothallus (especially where adjoining other thalli). Apothecia not observed among 
Galapagos specimens. Pycnidia not seen. 

Chemistry: Cortex P± pale yellow, K+ bright lemon-yellow, C-, KC-; medulla P+ deep yellow-orange, K+ deep 
yellow-orange, C-, KC-; soralia K+ deep yellow-orange, C+ yellow, KC+ yellow; UV± dull yellow-orange; 
containing lichexanthone, 2-O-methylisohyperlatolic acid, haemathamnolic acid, cryptothamnolic acid, 
tthamnolic acid (trace). 

Distribution and ecology: Widespread, circumtropical (Archer and Elix 2011); the most common sorediate 
species in the Galapagos, present throughout all vegetation zones, but most common in the transition zone and 
lower humid zone, on wide range of endemic, native and introduced trees and shrubs. 
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Fig. 2. a-c Pertusaria cerroazulensis; a section of verruciform apothecium (scale 200 pm); b, c ascospore (scale 15 pm); 

b outer wall faintly ornamented; c inner wall smooth, not grooved, apically trimmed, d, e Pertusaria commutata (scale bars 

3 mm); d thallus with black, inconspicuously banded prothallus (Bungartz 3695, CDS27513); e thallus with blastidiate- 

granular soralia (Bungartz 9940, CDS47309); f, g Pertusaria darwiniana (scale bars 3 mm); f well-developed thallus with 

soredia surrounded by a thick thalline margin (Bungartz 7712, CDS38214, holotype); g poorly developed thallus with 

soredia surrounded by thin, membranaceous layer (Bungartz 9648, CDS46967). 
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Notes: Only the sorediate form of P commutata has been found in the Galapagos. The pustulate ontogeny of its 
hemispherical to subglobose soredia is very distinctive, especially in well-developed thalli. Soralia begin along 
the thallus margin as punctiform pseudocyphellae that first become tpapillate towards the centre, then soon 
develop into coarse verrucae. These verrucae eventually become irregularly erumpent at the centre of their 
apex, first releasing corticate granules, then pseudocorticate blastidia and ultimately extruding an abundance of 
coarse, compact, ecorticate soredia. The margin of these pustulate soralia remains intact and typically develops 
into a distinct, often quite broad thalline rim that eventually becomes obscured below a mass or coarse soredia. 

Two other species in Galapagos have structurally very similar soralia and possibly share much of this 
ontogeny, although these species are not distinctly pseudocyphellate. Pertusaria leucosorodes is corticolous like 
P. commutata but it is characterized by the presence of thamnolic rather than haemathamnolic acid. Pertusaria 
xantholeucoides var. thamnolica also contains thamnolic acid but it is a saxicolous species. 

Specimens examined: ECUADOR. Galapagos: Floreana Island, S of Cerro Asilo de la Paz, edge of Pampa 
Larga, 1°19'38.20"S, 90°27'9.59"W, 249 m alt., transition zone, on twigs and branches of dead shrub, 13 Jan 2011, 
Bungartz 9503 (CDS46785); trail going to Post Office Bay off the dirt road between highlands and Puerto 
Velasco Ibarra, 1°17'58.70"S, 90°26'51.10"W, 342 m alt., transition zone, on S-exposed side of fence post, 14 Jan 
2011, Bungartz 9563 (CDS46842); caldera of Cerro Pajas, trail at the end of road leading up to crater rim, 
1°17'47"S, 90°27'23.19"W, humid zone, on branch of Zanthoxylon fagara, 02 Jan 2010, Hillmann GAL-34 
(CDS44798); Cerro Pajas, inside the crater, l°17'49.29nS, 90°27'23"W, 379 m alt., humid zone, on S-exposed 
trunk of Croton scouleri, 12 Jan 2011, Bungartz 9302 (CDS46528); Yanez-Ayabaca 1746 (CDS48024); entrance 
to Primavera Farm from main dirt road, 1°18'22.10"S, 90°26'29.69"W, 371 m alt., humid zone, on E-exposed 
trunk of Cedrella odorata, 22 Jan 2011, Bungartz 10073 (CDS47468); trail from La Primavera Farm to La 
Corona and Arco de la Reina, southeastern part of the island, 1°19'21.60"S, 90°24'45.89"W, 219 m alt., transition 
zone, on branch of Clerodendrum mode, 24 Jan 2011, Yanez-Ayabaca 2094 (CDS48440); Bungartz 10128 
(CDS47523); Asilo de la Paz, Cerro Wittmer, trail in between cliffs, 1°18'50"S, 90°27'13.80"W, humid zone, on 
tree trunk, 3 Jan 2010, Hillmann GAL-125 (CDS44884); on W-slope of Cerro Alieri, 1°17'24.10"S, 90°27'8.90"W, 
347 m alt., transition zone, on twigs of Croton scouleri, 12 Jan 2011, Bungartz 9339 (CDS46626), 9340 
(CDS46627), 9346 (CDS46633), 9335 (CDS46622); inside the crater of Cerro Laguna at E-side of island, on 
W-exposed slope, lo16'11.80"S, 90°23'17"W, 245 m alt., transition zone, on branches of Bursera graveolens, 20 
Jan 2011, Bungartz 9940 (CDS47309), 9949 (CDS47318); SE-part of island, between Lechosos and Cerro 
Pajaros, slope opposite Cerro Pajaros, 1°18'26.10"S, 90°24’21.39"W, 278 m alt., transition zone, on twigs of 
Macraea laricifolia, 15 Jan 2011, Bungartz 9626 (CDS46905); plain between the two hills Cerro de los Chanchos 
and Cerro de los Burros, 1°16'40.29"S, 90°24'12.4"W, 311 m alt., transition zone, on twigs of Castela galapageia, 
21 Jan 2011, Bungartz 10012 (CDS47381). Isabela Island, Volcan Alcedo, outer SE-exposed slope and crater 
rim, 0°27'29"S, 91°7T9"W, 1089 m alt., humid zone, on trunk of Tournefortia rufo-sericea; 5 Mar 2006, Bungartz 
4048 (CDS27978); plain at the base of the outer E-exposed slope, along the trail going up to the rim, 0°24'47"S, 
91°4'12" W, 768 m alt., transition zone, on trunk of Psidium galapageium, 8 Mar 2006, Bungartz 4328 (CDS28402); 
on top of the crater rim, 0°27'33"S, 91°6'49"W, 1051 m alt., humid zone, on trunk of Zanthoxylum fagara, 5 Mar 
2006, Bungartz 4104 (CDS28072); outer SE-exposed slope, c. 2 km below the crater rim, 0°26'16"S, 91°4'36"W, 
798 m alt., transition zone, on trunk of Psidium galapageium, 7 Mar 2006, Bungartz 4225 (CDS28267); Volcan 
Darwin, southwestern crater rim, 0o12'11.5"S, 91°18'41.29"W, 1286 m alt., high altitude dry zone, on stem of 
Croton scouleri, 13 Nov 2007, Bungartz 7502 (CDS37993); c. 200 m from the southwestern crater rim, 

0°12'17.19"S, 91o18'45.20"W, 1304 m alt., high altitude dry zone, on trunk of Zanthoxylum fagara, 13 Nov 2007, 
Bungartz 7530 (CDS38021); c. 1 km from the southwestern crater rim, 0°12'20.5"S, 91°18'52.79"W, 1276 m alt., 
high altitude dry zone, on bark of Scalesia microcephala, 13 Nov 2007, Ertz 11864 (CDS37223); Bungartz 7561 
(CDS38055); southwestern slope, above Tagus Cove, 0o13'11.4"S, 91°19T4.1"W, 955 m alt., transition zone, on 
branches and twigs of Dodonaea viscosa, 14 Nov 2007, Bungartz 7637 (CDS38139); Volcan Sierra Negra, 
around the mirador El Mango, 0°53'2.20"S, 91°0'51.20"W, 174 m alt., transition zone, on branches of Cedrela 
odorata, 15 Aug 2008, Herrera-Campos 10673 (CDS40410). Pinta Island, along the trail up to the summit from 
the S-coast, 0°34'22"N, 90°45'3"W, 329 m alt., transition zone, underside of Pisonia floribunda branch, 27 Feb 

2007, Bungartz 5878 (CDS33554). Pinzon Island, along the trail going up from Playa Escondida, 0°36'10"S, 
90°40T'W, 254 m alt., dry zone, on dead branches lying on the ground, 16 Feb 2006, Bungartz 3641 (CDS27459). 
Santiago Island, c. 200 m S of Cerro Gavilan, W-exposed slope, 0°12'30"S, 90°47'6"W, 832 m alt., humid zone, 
on trunk of Iochroma ellipticum, 24 Mar 2006, Bungartz 4828 (CDS28995); c. 5 km inland from the E-coast, ± 
at the same latitude as Bahia Sullivan, 0° 16'52"S, 90°37' 17"W, 175 m alt., dry zone, on trunk of Bursera graveolens, 
16 Jul 2006, Bungartz 5032 A (CDS29245); along the trail from Bucanero to Jaboncillos, c. 5 km SE of Bucanero, 
0°i Ti9"s, 90°47'48"W, 562 m alt., transition zone, on trunk of Bursera graveolens, 22 Mar 2006, Bungartz 4656 

(CDS28743); c. 1 km below the summit, Cerro Gavilan, 0oll'45"S, 90°47'20"W, 680 m alt., transition zone, on 
Zanthoxylum fagara, 22 Mar 2006, Aptroot 65457 (CDS32045). San Cristobal Island, trail to Cerro Mundo 
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from the border of the National Park, NE of Puerto Baquerizo Moreno, 0°53'33.39"S, 89°34'42.5"W, 157 m alt., 
transition zone, on N-exposed trunk of Bursera graveolens, 25 Aug 2008, Bungartz 8671 (CDS41317). Santa 
Cruz Island, along the road from Bellavista to El Garrapatero, c. 4 km W from the campsite of the National 
Park, 0°40'38"S, 90°14'54"W, 159 m alt., dry zone, on trunk of Bursera graveolens, 14 Feb 2006, Bungartz 3574 
(CDS27373); abandoned farm along the northern part of the loop road from Bellavista to Garrapatero, 
0°40'58"S, 90°18'31"W, 255 m alt., humid zone, on fallen tree trunk, 19 Feb 2006, Bungartz 3695 (CDS27513); 
farm along the southern part of the loop road from Bellavista to Garrapatero, 0°41'12"S, 90°18'22"W, 214 m alt., 
humid zone, on Erythrina, 19 Feb 2006, Aptroot 64233 (CDS30800); on the North side of the island, along the 
dirt road to the ash quarry Mina Granillo Rojo, 0°36'56"S, 90°22'3"W, 570 m alt., transition zone, branches of 
Bursera graveolens, 23 Feb 2006, Bungartz 3911 (CDS27793); Aptroot 64555 (CDS31127); Steve Divine's Farm 
at the end of Tortoise Road, off the main road to Baltra, Tortoise Territory, 0°40'8"S, 90°24'17"W, 364 m alt., 
humid zone, on the side of a wooden fencepost, 23 Feb 2006, Bungartz 3958 (CDS27840); off the dirt road to 
Mina Granillo Rojo, on the N-side of the island, 0°37'2"S, 90°22'6"W, 294 m alt., transition zone, trunk of 
Bursera graveolens, 21 Jun 2006, Bungartz 4944 (CDS29157); along the trail from Puerto Ayora to Bahia 
Tortuga, 0°44'48"S, 90°19'14"W, 28 m alt., dry zone, on trunk of Bursera graveolens, 5 Jan 2006, Bungartz 3329 
(CDS26996); at the craters of Eos Gemelos, on the E-side of the road to the channel, 0°37'33"S, 90°23'5.5"W, 587 
m alt., humid zone, on top of wooden banister, 21 Oct 2007, Bungartz 7098 (CDS37583); along the dirt road to 
Mina Granillo Rojo, off the main road to the channel, on the N-side of the island, 0°36'56.60"S, 90°22'2.70"W, 
583 m alt., transition zone, on trunk lying on top of outcrop, 21 Oct 2007, Bungartz 7110 (CDS37595); Camote, 
finca de Rene Valle, lindero del Parque Nacional Galapagos, al horde, 0°38'20.69"S, 90°17'50.79"W, 473 m alt., 
zona humeda, on Erythrina smithiana, 11 Jan 2007, Nugra 290 (CDS33206); cerca de la mina de granillo rojo, 
via a Baltra, 0°37'2"S, 90°22'6"W, 290 m alt., zona de transicion, Psidium galapageium, altura al pecho, sobre 
corteza, 21 Jun 2006, Nugra 6 (CDS32659); vicinity of Academy Bay, ecological zone unknown, on Bursera, 15 
Feb 1964, Weber s.n. (COFO; F-40353). Santiago Island, E of salt lake at James Bay, 0°14'25"S, 90°48'50"W, 170 
m alt., transition zone, on Bursera, 30 Apr 1971, Pike ID16-2 B (OSC101523), 2713 (OSC101518); easternmost 
crater in the highlands, 0°14'15"S, 90°42'0"W, 410 m alt., transition zone, on Bursera, 10 May 1971, Pike ID37-24 
(OSC101528); near Eos Gemelos craters, 0°36'31"S, 90°22'4"W, 350 m alt., humid zone, on Scalesia pedunculata, 
31 May 2005, Aptroot 63401 (CDS30154); Puerto Ayora, near begin of road to Baltra, 0°44'34"S, 90°18'45"W, 25 
m alt., dry zone, on Bursera graveolens 26 May 2005, Aptroot 63097 (CDS29827); Academy Bay, ecological zone 
unknown, 11 Jan 1929, Herre 32 (CASDS508103), 32 (CAS508103). 

Pertusaria darwiniana Yanez-Ayabaca & Bungartz, sp. nov. 

MycoBank No.: MB 814348 

Chemically similar to Pertusaria expolita, but forming soralia with a distinct thalline margin (or at least a 
thalline membrane). 

Type: ECUADOR. Galapagos: Isabela Island, Volcan Darwin, south-western slope, above Tagus Cove, 
0°13’27.6"S, 91°19'21.2"W, 860 m, transition zone, open scrubland of Dodonaea viscosa, Croton scouleri, 
Macraea laricifolia, Scalesia microcephala, few Opuntia insularis and dry grasses in the understory, on sunny, 
wind- and rain-exposed twigs of Croton scouleri, 15 Nov 2007, Bungartz 7712 (CDS38214, holotype). 

Figs 2f-g 

Thallus corticolous or lignicolous, crustose, continuous (thin thalli often barely fissured) to rimose; surface 
greenish white to greenish grey, dull to tshiny, smooth, epruinose, plane; soralia 0.1-0.7 mm diam., greyish 

white, often with a distinctly yellowish to pale pinkish tinge (possibly caused by xanthones), sparse to abundant, 
single and dispersed, not confluent, flattened to barely excavate, circular in outline and distinctly delimited by 
a broad thalline margin c. 0.1 mm wide; in thin, poorly developed specimens this margin may be thin and 
±membranaceous; soredia farinose to tgranular; medulla white; margin not distinctly zonate, delimited by a 
compact, shiny blackprothallus (especially where adjoining other thalli). Apothecia andpycnidia unknown. 

Chemistry: Cortex P-, K-, C-, KC-; medulla P+ orange, K+ yellow, C-, KC- (reactions slow, difficult 
to test on the thin medulla), soralia P+ orange, K+ yellow, C-, KC-; UV± pale yellow orange; containing 
4,5-dichlorolichexanthone, ±2,4,5-trichlorolichexanthone, tstictic acid, tconstictic acid. 

Etymology: Named in honour of Charles Darwin and the Charles Darwin Foundation in the Galapagos. 

Distribution and ecology: A common sorediate species endemic to the Galapagos, most frequently found 
in the dry and transition zones, but present also in the humid and high altitude dry zones; on stems, trunks, 
branches and twigs of native and endemic trees and shrubs (Pisoniafloribunda, Bursera graveolens, Zanthoxylon 
fagara, Croton scouleri, Clerodendrum molle, etc.). 
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Notes: The thalli of P. darwiniana are superficially very similar to P. erythrella, which has the same smooth, 
greenish white to greenish grey, rimose surface. Pertusaria erythrella, however, has much larger soralia that 
lack a well-defined thalline margin; it also lacks xanthones and contains norstictic acid. Pertusaria oahuensis is 
quite distinct from both species because of its rugose thallus surface and distinct pale yellowish colour (q.v.). 
Pertusaria stictica also has well-delimited soredia, but its thalli are extremely thin and contain only stictic acid. 

Pertusaria darwiniana was initially believed to be conspecific with P. expolita R.C. Harris from the south 
eastern United States because of their identical chemistries. Although the type of P. expolita was not seen by the 
authors, the soredia are not remotely similar to those of the Galapagos specimens according to Richard Harris 
(pers. comm.). He also mentioned that P. expolita has a “shinier thinly corticate thallus with just the ± fragile 
cortex cracked”, not deeply fissured like the holotype of P. darwiniana. 

Additional specimens examined: ECUADOR. Galapagos: Floreana Island, trail going to Post Office Bay off 
the dirt road between highlands and Puerto Velasco Ibarra, 1°17T7.30"S, 90°26'35"W, 360 m alt., transition zone, 
on trunk of Croton scouleri, 25 Jan 2011, Bungartz 10249 A (CDS47668); along trail from Primavera Farm to La 
Corona and Arco de la Reina, southeastern part of island, 1°19'20.60"S, 90°24'45.5"W, 221 m alt., transition zone, 
on fallen branch, 24 Jan 2011, Yanez-Ayabaca 2103 (CDS48462); at entrance to crater of Cerro Verde, lo18'10"S, 
90°25'8.19"W, 370 m alt., humid zone, on twigs of Croton scouleri, 15 Jan 2011, Bungartz 9643 (CDS46962), 9648 
(CDS46967); on W-slope of Cerro Alieri, 1°17'24.10"S, 90°27'8.90"W, 347 m alt., transition zone, on twigs of 

Clerodendrum molle, 12 Jan 2011, Yanez-Ayabaca 1756 (CDS48034); inside the crater of Cerro Laguna at E-side 
of island, on W-exposed slope, lo16'11.80"S, 90°23'17"W, 245 m alt., transition zone, on branches of Bursera 
graveolens, 20 Jan 2011, Bungartz 9937 (CDS47306); trail from La Primavera Farm to La Corona and Arco de la 
Reina, southeastern part of the island, 1°19'21.60"S, 90°24'45.89"W, 219 m alt., transition zone, on branches and 
twigs of Clerodendrum molle, 24 Jan 2011, Bungartz 10137 (CDS47532). Isabela Island, Volcan Alcedo, outer 
SE-exposed slope, c. 2.5 km below the crater rim, 0°26'9"S, 91°4'34"W, 795 m alt., transition zone, on wood lying 
on the ground, 7 Mar 2006, Bungartz 4268 (CDS28339); along the trail going up the E-slope, basalt rubble field 
to the SE-side of the trail and the barranco, 0°24'6"S, 91°2'53"W, 530 m alt., dry zone, on Bursera, 10 Mar 2006, 
Aptroot 64910 (CDS31489); Volcan Darwin, c. 1 km from the southwestern crater rim, 0° 12'20.5"S, 91 ° 18'52.79"W, 
1276 m alt., high altitude dry zone, upper side of inclined Scalesia microcephala trunk, 13 Nov 2007, Bungartz 
7556 (CDS38050). Pinta Island, on the western cliff, W of Las Pampas, 0°34'51.70"N, 90°46'25.89"W, 411 m alt., 
transition zone, twigs of dead trunk, 1 Feb 2008, Nugra 620 (CDS38998). San Cristobal Island, Cerro Mundo, 
at the base of the rock cliffs on the S side close to the summit, 0°53'32.20"S, 89°34'40.5"W, 243 m alt., transition 
zone, on standing dead tree of Zanthoxylum fagara, 25 Aug 2008, Clerc 08-390 (CDS40244). Santa Cruz Island, 
along the road from Los Gemelos towards the N-coast of the island, c. 1 km N of Los Gemelos, 0°37'22"S, 
90°22'47"W, 584 m alt., transition zone, on Zanthoxylum, 12 Feb 2006, Aptroot 63794 (CDS30353); Steve Divine's 
Farm at the end of Tortoise Road, off the main road to Baltra, Tortoise Territory, 0°40'8"S, 90°24'17"W, 364 m alt., 
humid zone, on wood, 23 Feb 2006, Aptroot 64528 (CDS31100). 

Pertusaria endochroma Miill.Arg., Revue Mycologique 9: 79 (1887) 

Figs 3a-d 

Thallus corticolous, crustose, continuous to rimose or rimose-areolate; surface yellowish white, greenish yellow 
to pale or intense lemon-yellow, dull to ±shiny, smooth, epruinose or very rarely pruinose, plane and even to 
tverrucose or conspicuously gnarled, rarely flaking off in scales, lacking soredia or isidia; medulla white; margin 
not distinctly zonate, delimited by an indistinct whitish prothallus. Apothecia verruciform, wart-shaped to 
hemispherical, rarely becoming subglobose,0.5-1.2(-1.5) mm diam., single or fused, not or slightly constricted 
at the base, apically conical, rarely tflattened, concolorous with the thallus, mono- to polycarpic, with 1 —3(—5) 
hyaline to dull grey, punctiform ostioles, delimited by a thin rim, often distinctly deeper lemon-yellow than 
the surrounding apothecial verrucae or emerging as small papillae on top of the apothecial verrucae; thalline 
exciple dull brown outside, hyaline inside, with few large crystals (persistent in K) and abundant minute crystals 
(dissolving in K, reforming as yellowish clusters of needle-shaped crystals; thiophaninic acid), cortex lacking 
crystals; epihymenium pale olive, K- or K± violet (reaction often very pale); proper exciple and hypothecium 
hyaline to pale yellowish, not inspersed with crystals; hymenium not inspersed, of branched and sparingly 
anastomosing hyphae, tloosely intertwined around asci; asci cylindrical, (4-)6-8-spored; ascospores hyaline, 
broadly oblong to narrowly ellipsoid, (44-)60-79(-88) pm long, (23-)26-33(-39) pm wide {n = 58); spore 

wall 2-layered, inner wall 3-5 pm wide, smooth (not grooved or laminated), moderately thickened apically (to 
8 pm), outer wall 3-5 pm thick, with conspicuous microrugulate ornamentation; pycnidia not seen. 

Chemistry: Cortex P-, K-, C+ orange, KC+ orange; medulla P-, K-, C-, KC-; UV+ bright orange; containing 
thiophaninic acid (major), ±2-chloro-6-0-methylnorlichexanthone (minor or trace), ±4-chloro-6-0- 
methylnorlichexanthone (minor or trace). 
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Distribution and ecology: New to South America, and previously reported from Thailand and New Caledonia 
(Archer and Elix 2011); a relatively rare species in the Galapagos Islands, growing on twigs and branches of 
trees and shrubs (Bursera graveolens, Cordia lutea, Chiococca alba) in the dry and transition zones. 

Notes: Four distinctly lemon-yellow, epiphytic Pertusaria species occur in Galapagos. Only P. endochroma and 
Pflavens consistently lack stictic acid; their medulla does not react with K, but it remains distinctly white throughout. 
These contrast with P. texana and P. xanthodes which both contain stictic acid and their medulla reacts K+ deep 
yellow, a vivid reaction that can hardly be overlooked. In P. thiospoda, however, the K reaction is much less distinct; 
it appears to be confined to the lower parts of the medulla and the central medullary layer of the apothecial wall. 

The four species can also be distinguished by their ascospores. Pertusaria endochroma dead Pflavens have spores 
that are similar in size and asci with (4-)6-8 spores and (6-)8 spores, respectively. However, P. endochroma 
generally has 4 larger spores per ascus. Pertusaria thiospoda usually produces (l-)2 ascospore(s) per ascus, 
the mature spores having a distinctly ornamented wall, with net-like incisions along the outside of the inner 
wall layer. Pertusaria xanthodes also has ornamented acospores, 2(-4) per ascus, but they are more deeply 
spirally grooved. It has indistinct, hyaline ostioles that do not dilate and a smoother thallus than the rugose 
P. thiospoda, P. endochroma and P. flavens. 

Specimens examined: ECUADOR. Galapagos: Fernandina Island, W-side, transition zone, on Chiococca alba, 
15 Feb 1964, Cavagnaro, D. s.n., 315 (C0L0193421; L-40437). Isabela Island, Volcan Cerro Azul, steep outer 
slopes of the volcano above Cerro Verde, 0°57'28.5"S, 91°24'29.10"W, 1238 m alt., humid zone, on twigs of Psidium 
galapageium, 7 May 2012, Bungartz 10402 (CDS52372); Volcan Darwin, southwestern foothills, above Tagus 

Cove, 0°14'50"S, 91°21'29.89"W, 67 m alt., dry zone, on trunk of Bursera graveolens, 11 Nov 2007, Ertz 11740 A 
(CDS38917), c. 1 km from the southwestern crater rim, 0°12'20.5"S, 91°18'52.79"W, 1276 m alt., high altitude dry 
zone, on branches of Zanthoxylum fagara, 13 Nov 2007, Bungartz 7544 A (CDS38038); southwestern slope, above 
Tagus Cove, 0°13'H.4"S, 91°19T4.1"W, 955 m alt., transition zone, on Dodonaea viscosa, 14 Nov 2007, Ertz 11905 
(CDS37264); Bungartz 7650 (CDS38152); above Tagus Cove, 0° 13'27.60"S, 91° 19'21.19"W, 860 m alt., transition zone, 

on twigs of Croton scouleri, 15 Nov 2007, Bungartz 7699 C (CDS38202); above Tagus Cove, 0°13'59"S, 91°20'8"W, 
597 m alt., dry zone, on SE-exposed trunk of Bursera graveolens, 16 Nov 2007, Bungartz 7843 (CDS38352). Pinzon 
Island, along the trail going up from Playa Escondida, SW-slope of the top, 0°36'36"S, 90°40'H"W, 310 m alt., 
transition zone, on trunk of Opuntia galapageia ssp. macrocarpa, 16 Feb 2006, Bungartz 3594 (CDS27407). San 
Cristobal Island, El Ripioso, fenced off area, 0°50'48.70"S, 89°27'47.29"W, 128 m alt., dry zone, on bark, 16 May 
2006,Jaramillo 2970 B (CDS38821); SW foothills of Media Luna, inland from the NW-coast of the island along the 
trail from Galapagera to Media Luna; bottom of small crater to the NW of Media Luna, 0°43'53"S, 89°18'57"W, 124 
m alt., dry zone, on trunk of Bursera graveolens, 22 Apr 2007, Bungartz 6253 (CDS34465). Santa Cruz Island, Island 
on the North side of the island, along the dirt road to the ash quarry Mina Granillo Rojo, 0°36'56"S, 90°22'3"W, 570 
m alt., transition zone, on Bursera, 23 Feb 2006,Aptroot 64577 (CDS31149). 

Pertusaria endoxanthaVain., Hedwigia 37:41 (1898) 

Pertusaria norstictica A. W.Archer, Mycotaxon 41: 232 (1991) 

Figs 3e-g 

Thallus corticolous, crustose, rimose to rimose-areolate; surface mineral-grey or olive-grey, usually dull, rarely 
±glossy in part, smooth, epruinose, but occasionally becoming ±whitish and eroded, lacking soredia and isidia, 
but conspicuously plicate to papillate-verrucose at least in part; medulla white; margin not distinctly zonate, 
indistinct, dull brownish or sometimes delimited by a thin, compact, blackprothallus (especially where adjoining 
other thalli). Apothecia verruciform, hemispherical to subglobose, 0.7-1 (-1.2) mm diam., typically fusing and 

forming ±gnarled and contorted clusters, ±constricted at their base and apically ±flattened, concolorous with 
the thallus, with 1—3(—6) blackish brown ostioles, rarely delimited by a paler tindistinct rim, punctiform to 
barely expanding, single or taggregated, rarely fusing at the flattened top of the apothecium; thalline exciple 
hyaline, with few large crystals (persistent in K) and abundant minute crystals (dissolving in K to form a deep 
orange solution, soon forming orange-red, needle-shaped crystals of norstictic acid); cortex hyaline, lacking 
crystals; epihymenium dull olive, K+ violet; proper exciple and hypothecium hyaline to pale yellowish, not 
inspersed with crystals; hymenium not inspersed, of branched and sparingly anastomosing hyphae, ±loosely 
intertwined around asci; asci cylindrical, (4-)6-8-spored; ascospores hyaline, narrowly ellipsoid to broadly 
fusiform, uniseriate in the ascus, (54-)57-78(-92) pm long, (24-)28-34(-35) pm wide (n = 20); spore wall 
2-layered, outer wall (4-)5-7 pm thick, smooth to very faintly ornamented, inner wall (2-)3-4 pm wide, 

smooth (not grooved or laminated), distinctly thickened apically (to 12 pm); pycnidia not seen. 

Chemistry: Cortex P+ orange, K+ yellow, C-, KC-; medulla P+ orange, K+ yellow to orange (crystals), C-, KC-, 
UV- (pale); containing atranorin (trace), norstictic acid (forms crystals under the microscope on treatment with K). 
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Distribution and ecology: New to South America, this species was previously known from East Africa, Southeast 
Asia (Indonesia, Papua New Guinea) and Australia. In the Galapagos it is known only from the high altitude dry 
zone of Volcan Darwin on Isabela Island where it grows on bark of Scalesia microcephala and Zanthoxylonfagara. 

Notes: Morphologically similar is P. nigrata, but the latter lacks norstictic acid, fluoresces bright yellow in UV 
light (due to lichexanthone), and has much larger ascospores. 

Specimens examined: ECUADOR. Galapagos: Isabela Island, Volcan Darwin, c. 1 km from the southwestern 
crater rim, 0°12'20.5"S, 91°18'52.79"W, 1276 m alt., high altitude dry zone, on S-exposed Scalesia microcephala 
branch, 13 Nov 2007, Bungartz 7570 (CDS38064), 7567 (CDS38061); Ertz 11860 (CDS37219); on branches of 
Zanthoxylum fagara, 13 Nov 2007, Bungartz 7544 B (CDS54888). 

Pertusaria erythrella Miill.Arg., Bulletin de I’Herbier Boissier 1: 41 (1893) 

Pertusaria torulosa Vain., Annales Academiae Scientiarum Fennicae Ser. A 6: 31 (1915) 

Fig. 4a 

Phallus corticolous or lignicolous, crustose, continuous to rimose; surface greenish white to greenish grey, ±shiny, 
smooth, epruinose, plane; soralia 0.3-1.5 mm diam., greyish white, often with a pinkish to pale reddish tinge (possibly 
caused by the deterioration of norstictic acid), sparse to abundant, mostly solitary and dispersed, very rarely ±confluent, 
when crowded, broadly convex, hemispherical, apically ±flattened, circular in outline and distinctly delimited, but 
lacking a thalline margin; soredia farinose to ±granular; medulla white; margin not distinctly zonate, delimited by a 
compact, shiny blackprothallus (especially where adjoining other thalli). Apothecia andpycnidia unknown. 

Chemistry: Cortex P-, K± yellowish, C-, KC-; medulla P+ yellow, K+ orange-red (crystals), C- , KC-; soralia 
P+ yellow, K+ orange (crystals), C- , KC-; UV± pale yellow; containing norstictic acid. 

Distribution and ecology: Previously known only from Australia (Archer 2014); in Galapagos known from a 
single collection on bark of Croton scouleri from the high altitude dry zone of Volcan Darwin on Isabela Island. 

Notes: Pertusaria erythrella is the only sorediate species in the Galapagos Islands that contains norstictic acid (the 
fertile, esorediate P. endoxantha also contains this substance). It lacks xanthones and is characterized by the distinct K+ 
orange-red reaction of its medulla and soralia, forming needle-shaped crystals under the microscope. The pustulate 
soralia can be mistaken for those of P. commutata var. haemathamnolica, but the latter forms coarser, more granular 
soredia. Furthermore, the soralia of herbarium specimens of P. erythrella often become reddish tinged with age (due 
to the deterioration of norstictic acid); those of P. commutata remain vivid white. Measurements of the soralia given in 
the literature vary. Specimens of P. torulosa Vain, from the West Indies are said to have soralia 0.4-2 mm diam. whereas 
those of P. erythrella s.str. are 0.5-1 mm diam. (Archer and Elix 2011). The soralia of the Galapagos Islands material 
are insignificantly smaller at 0.3-1.5 mm. All are considered here to belong to the same species, whereas P. colorata D. 
D.Awasthi & Preeti Srivast., described from India, may be distinct, with larger soralia (0.5-2 mm diam.). 

Specimen examined: ECUADOR. Galapagos: Isabela Island, Volcan Darwin, c. 200 m from the southwestern 

crater rim, 0°12T7.19"S, 91°18'45.20"W, 1304 m alt., high altitude dry zone, on Croton scouleri, 13 Nov 2007, 
Ertz 11856 (CDS37215). 

Pertusaria flavens Nyl., Bulletin de la Societe linneenne de Normandie ser. 2,3: 268 (1869) 

Figs 4b-d 

Phallus corticolous, crustose, continuous to rimose or rimose-areolate; surface yellowish white to greenish yellow, 
pale or deep lemon-yellow, dull to tshiny, smooth, epruinose or very rarely pruinose, plane and even or ±verrucose to 
gnarled, rarely flaking off in scales, lacking soredia or isidia; medulla white; margin not distinctly zonate, delimited by 
an indistinct whitish prothallus. Apothecia verruciform, wart-shaped to hemispherical, rarely becoming subglobose, 
0.5-1.2(-1.5) mm diam., single or rarely fusing, not or slightly constricted at their base, apically conical, rarely 
tflattened, concolorous with the thallus, mono- to polycarpic, with 1-3(-5) hyaline to dull grey, punctiform ostioles, 
delimited by a thin rim, distinctly deeper lemon-yellow than the surrounding apothecial verrucae or emerging as 
small papillae on top of the apothecial verrucae; thalline exciple dull brown outside, hyaline inside, with few large 
crystals (persistent in K) and abundant minute crystals (dissolving in K, re-forming as yellowish clusters of needle- 
shaped crystals; thiophaninic acid), cortex lacking crystals; epihymenium pale olive, K- or K± violet (reaction often 
very pale); proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium not 
inspersed, of branched and sparingly anastomosing hyphae, ±loosely intertwined around asci; asci cylindrical, 
(6-)8-spored; ascospores hyaline, broadly ellipsoid to tcitriform, (37-)45-59(-68) pm long, (20-)24-30(-38) pm 
wide (n = 35); spore wall 2-layered, outer wall 3-5 pm thick, with conspicuous microrugulate ornamentation, inner 
wall 3-5 pm wide, smooth (not grooved or laminated), markedly thickened apically (to 12 pm); pycnidia not seen. 
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Fig. 3. a-d Pertusaria endochroma; a thick thallus with prominent hemispherical, almost subglobose, apically flattened, 

basally slightly constricted apothecia with punctiform, yellow-rimmed ostiole (D. Cavagnaro s.n., 315, C0L0193421, 

L-40437, scale 3 mm); b thin thallus with wart-shaped, conical apothecia (Ertz 11740 A, CDS38917, scale 3 mm); c cross 

section of apothecium (D. Cavagnaro s.n., 315, COLO 193421, L-40437, scale 200 pm); d yellowish clusters of needle-shaped 

thiophaninic acid crystals forming in K (Ertz 11740 A, CDS38917, scale 30 pm); e-g Pertusaria endoxantha; e mineral grey 

thallus with verruciform apothecia with brownish blackened ostioles (Bungartz 7567, CDS38061, scale 3 mm); f ascus with 

eight ascospores (Ertz 11860, CDS37219, scale 60 pm); g ascospore with smooth to barely ornamented outer wall, smooth 

inner wall, apically distinctly trimmed (Ertz 11860, CDS37219, scale 15 pm). 
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Chemistry: Cortex P-, K-, C+ orange, KC+ orange; medulla P-, K-, C-, KC-; UV+ bright orange; 
containing thiophaninic (major), ±2-chloro-6-0-methylnorlichexanthone (minor or trace), ±4-chloro-6-0- 
methylnorlichexanthone (minor or trace). 

Distribution and ecology: New to South America, previously known from the Caribbean (French Antilles; 

Archer and Elix 2011), but easily confused with P. texana and P. endochroma and thus likely under-recorded; 
in the Galapagos it occurs on the same substrates and in similar habitat to P. texana, but is much less common 
and only occasionally found, from the dry zone to the high altitude dry zone. 

Notes: See comments about P. endochroma. 

Specimens examined: ECUADOR. Galapagos: Espanola Island, trail from Bahia Manzanillo on the N-coast 
of the island to the highest point, 1°22'18.69"S, 89°42'7.40"W, 125 m alt., dry zone, on twigs of Cordia lutea, 11 
Nov 2010, Bungartz 9142 (CDS45960). Floreana Island, trail going to Post Office Bay off the dirt road between 
highlands and Puerto Velasco Ibarra, 1°15'42.29"S, 90°26'31"W, 197 m alt., dry zone, S-exposed on trunk of Bursera 
graveolens, 14 Jan 2011, Bungartz 9620 (CDS46899). Isabela Island, Volcan Alcedo, along the trail going up the 
E-slope, at the NW-side of the trail, 0°24'5"S, 91°2'36"W, 420 m alt., dry zone, on trunk of Bursera graveolens, 9 
Mar 2006, Bungartz 4353 (CDS28437); Volcan Cerro Azul, wide, open ditch between two lava ridges to the West 
above Cerro Verde, 0°57'9.40"S, 91°24'31.5"W, 1436 m alt., humid zone, on branches of Psidium galapageium, 
6 May 2012, Spielmann 10569 (CDS51938); steep outer slopes of the volcano above Cerro Verde, 0°57'28.5"S, 
91°24'29.10"W, 1238 m alt., humid zone, on branches of Psidium galapageium, 7 May 2012, Bungartz 10405 
(CDS52375); along the first few meters of the path from the Caseta del Parque to Caleta Iguana, 0°58'44.20"S, 
91°26'46.29"W, 12 m alt., dry zone, on Bursera branches, 9 May 2012, Spielmann 10758 (CDS52162); Volcan 
Darwin, southwestern crater rim, 0°12'11.5"S, 91°18'41.29"W, 1286 m alt., high altitude dry zone, on sheltered face 

of Scalesia microcephala trunk, 13 Nov 2007, Ertz 11826 (CDS37185); inland from Tagus Cove at the W-coast of 
the island, 0°15'8.69"S, 91°22'23.10"W, 77 m alt., dry zone, N-exposed trunk of Bursera graveolens, 17 Nov 2007, 
Bungartz 7985 (CDS38495). San Cristobal Island, SW foothills of Media Luna, inland from the NW-coast of the 

island along the trail from Galapagera to Media Luna; bottom of small crater to the NW of Media Luna, 0°43'53"S, 
89°18'57"W, 124 m alt., dry zone, on trunk of Bursera graveolens, 22 Apr 2007, Bungartz 6258 (CDS34470); NW 
foothills of Media Luna, inland from the NW-coast, 0°43'41"S, 89°18'44"W, 75 m alt., dry zone, top of dead branch 
of Cordia lutea, 22 Apr 2007, Bungartz 6229 (CDS34441). Santa Cruz Island, along the trail from Puerto Ayora to 
Bahia Tortuga, 0°44'48"S, 90°19'14"W, 28 m alt., dry zone, on twigs of Acacia insulae-jacobi, 5 Jan 2006, Bungartz 
3359 (CDS27026); waste deposit along road to Baltra, 0°35'0"S, 90°21'17"W, 300 m alt., transition zone, on bark of 
Bursera graveolens, 28 May 2005, Aptroot 63241 (CDS29976). Santiago Island, c. 500 m S of Bucanero, near the 
canyon at the northeastern foothills of Cerro Cowan, 0°10'21"S, 90°49'30"W, 70 m alt., dry zone, on branches of 
Bursera graveolens, 21 Mar 2006, Bungartz 4550 (CDS28636). 

Pertusaria galapagoensis Elix, Yanez-Ayabaca, A.W.Archer & Bungartz, sp. nov. 

MycoBank No.: MB 814349 

Thallus containing the perlatolic acid chemosyndrome similar to Pertusaria depressa, but with additional 
thiophaninic acid. In this species, unlike P. depressa the inner ascospore wall is not smooth, but very finely and 
inconspicuously channelled. 

Type: ECUADOR. Galapagos: Floreana Island, entrance to Primavera Farm from main dirt road, 1°18’22.1"S, 
90°26'29.7"W, 371 m alt., humid zone, pasture with elephant grass, some trees of Cedrella odorata and Psidium 
guajava, on sunny, wind- and rain-exposed bark of S-exposed trunk of Cedrella odorata (c. 30 cm diam.), 
22 Jan 2011, Bungartz 10070 (CDS47465, holotype). 

Figs 5a-d 

Thallus corticolous, crustose, continuous to rimose; surface pale mineral-grey to pale olive, dull to ±shiny, 
smooth, plane, not distinctly wrinkled but often finely fissured, lacking soredia and isidia, epruinose; apothecial 
verrucae apically eroded and occasionally tpruinose; medulla white; margin not distinctly zonate, delimited 
by a compact, glossy black prothallus. Apothecia verruciform, disc-shaped to subglobose, 0.5-1.4(-2.2) mm 
diam., solitary or rarely fused, constricted at their base, apically distinctly flattened, concolorous with the 
thallus, mono- to polycarpic, with (l-)2-4(-6) blackish grey to jet black, punctiform ostioles, not delimited by 
a distinct rim, solitary or fusing and then often almost appearing tdiscoid, typically sunken within an apical 

depression of the apothecial verrucae, rarely plane; thalline exciple hyaline, with large crystals (persistent in K) 
and abundant minute crystals (dissolving in K); cortex lacking crystals; epihymenium olive, K+ violet (distinct); 
proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium sparsely to 
strongly inspersed with oil droplets, of branched and sparingly anastomosing hyphae ±loosely intertwined 
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around asci; asci cylindrical, (2-)4-spored; ascospores hyaline, oblong to ellipsoid or tbroadly fusiform, (54-) 
65-95(-101) pm long, (26-)32-45(-53) pm wide (n = 20); spore wall 2-layered, inner wall 2-3(-5) pm wide, 
becoming tspirally fine-channelled along its outside (very inconspicuous), thickened apically (to 8 pm), outer 
wall (3-)5 pm thick, smooth or faintly tmicrorugulate; pycnidia not seen. 

Fig. 4. a thallus of Pertusaria erythrella with pinkish soralia with farinose soredia (Ertz 11856, CDS37215, scale 3 mm); 

b-d Pertusaria flavens-, b-c thallus with clusters of apothecia (Bungartz 4353, CDS28437); b general growth aspect (scale 

3 mm); c close-up with punctiform yellow-rimmed ostioles (scale 3 mm); d asci with broadly ellipsoid to ±citriform 

ascospores with ornamented outer wall, smooth, strongly trimmed inner wall (Bungartz 9142, CDS45960, scale 50 pm). 

Chemistry: Cortex P-, K- (or pale yellow), C-, KC-, medulla P-, K- (or pale yellow), C± red (very faint), KC+ 
red (very faint), UV- (dull); containing 2,4-dichlorolichexanthone, thiophaninic acid, 2-O-methylsuperlatolic 
acid, superplanaic acid, methyl 2-O-methylperlatolate (trace), methyl hyperplaniate (trace). 

Etymology: The epithet refers to the distribution of this species. 

Distribution and ecology: Endemic to the Galapagos Islands, and known from only a few collections on bark and 
wood in the humid zone; grows on indigenous, endemic trees (Scalesia) and introduced trees (Cedrella, Cinchona). 

Notes: The perlatolic acid complex present in P. galapagoensis closely resembles that observed in 
Pertusaria depressa Mont. & Bosch from South America, a species which contains 2-chlorolichexanthone (major), 
hyperplanaic acid (minor), constictic acid (trace),2-O-methylhyperlatolic acid (minor),2-O-methylisohyperlatolic 
acid (minor), 2-O-methylsuperlatolic acid (major), methyl 2-O-methylperlatolate (trace), methyl planiate (trace), 
superplanaic acid (minor), methyl hyperplaniate (minor), methyl 2-O-methylperlatolate (minor). The specimens 
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from the Galapagos differ because they contain thiophaninic acid and 2,4-dichlorolichexanthone and have 
ascospores with an ornamented inner spore wall (very inconspicuously channelled). 

Additional specimens examined: ECUADOR. Galapagos: Floreana Island, entrance to Primavera Farm 
from main dirt road, 1°18'22.10"S, 90°26'29.69"W, 371 m alt., humid zone, on E-exposed trunk of Cedrella 
odorata, 22 Jan 2011; Cerro Pajas, inside the crater, 1°17’49.29"S, 90°27’23"W, 379 m alt., humid zone, on SSE- 
exposed trunk of Scalesia pedunculata, 12 Jan 2011, Bungartz 9281 (CDS46507). Santa Cruz Island, dirt road 
from Bellavista to Media Luna, 0°40'15.1"S, 90°19'21.80"W, 450 m alt., humid zone, on trunks of Cinchona 
pubescens serving as fenceposts along pastures, 10 Aug 2008, Clerc 08-135 (CDS39989); 0°40'54"S, 90°19'26"W, 
285 m alt., humid zone, on wooden pole, 28 Feb 2006, Aptroot 64698 (CDS31272). 

Pertusaria leucosorodes Nyl., Acta Societatis Scientiarum Fennicae 26 (10): 16 (1900) 

Pertusaria scaberula A. W. Archer, My cotaxon 41: 240 (1991) 

Fig. 5e 

Thallus corticolous or lignicolous, crustose, continuous to rimose or rimose-areolate; surface vivid white to pale 
whitish, lead-grey, greenish or olive-grey, rarely tbeige, tshiny, smooth, epruinose, coarsely wrinkled (rugose 
to tplicate), not distinctly pseudocyphellate; soralia 0.3-0.8(-l) mm diam., concolorous with the thallus or, 
more commonly, vivid white, sparse to abundant, mostly single and dispersed, very rarely ±confluent, when 
crowded, strongly convex, hemispherical to subglobose, eventually apically ±flattened, circular in outline, 
distinctly pustulate, i.e., forming from verrucae that break open apically to release coarse, corticate granules 
that transition into tpseudocorticate blastidia and compact, ecorticate soredia; medulla white; margin not 
distinctly zonate, but rarely inconspicuously banded by one or several lines of a compact, shiny blackprothallus 
(especially where adjoining other thalli). Apothecia unknown, most likely sorediate, i.e., a hymenial layer 
forming within the soralia below the soredia, but asci and ascospores not observed. Pycnidia not seen. 

Chemistry: Cortex P+ orange, K+ bright lemon-yellow, C-, KC-; medulla P+ orange, K+ bright lemon-yellow, 
C-, KC-; soralia P+ orange, K+ bright lemon-yellow, C+ yellow, KC+ yellow; UV+ deep orange; containing 
lichexanthone, 2-O-methylisohyperlatolic acid (trace), decarboxythamnolic acid, thamnolic acid. 

Distribution and ecology: New to South America, previously reported from southeast Asia (Sri Lanka, Papua 
New Guinea), and Australia (Archer and Elix 2011); moderately common on stems, twigs and branches of 
native and introduced small trees and shrubs (Clerodendrum, Zanthoxylon, Cinchona); occurs from the upper 
transition zone into the humid zone. 

Notes: The species is morphologically extremely similar to P. commutata and can only be reliably distinguished 
by its chemistry (thamnolic instead of haemathamnolic acid). Apothecia are unknown for both P. leucosorodes 
and the morphologically very similar, but saxicolous P. xantholeucoides. On sectioning pustulate soredia of the 
three species, a few appear to contain a hymenial layer of paraphyses below the mass of soredia, but no asci and 
ascospores were found in any one of the specimens examined. 

Specimens examined: ECUADOR. Galapagos: Isabela Island, Volcan Alcedo, outer SE-exposed slope 
and crater rim, 0°27'29"S, 91°7T9"W, 1089 m alt., humid zone, at the base of Zanthoxylum fagara, 5 Mar 2006, 
Bungartz 4069 (CDS27999); Aptroot 65035 (CDS31617); Volcan Darwin, southwestern slope, above Tagus Cove, 
0°13'43.29"S, 91°19'47.29"W, 724 m alt., transition zone, on stem and branches of Jasminocereus thouarsii, 12 Nov 
2007, Bungartz 7439 (CDS37926); Volcan Sierra Negra, La Cueva Sucre, abandoned farm bought by the National 
Park, 0°50'34.60"S, 91°1'39.10"W, 362 m alt., humid zone, on twigs in the crown of a fallen Syzygium jambos 

tree, 15 Aug 2008, Bungartz 8265 (CDS40911). San Cristobal Island, trail from Cerro Pelado to El Ripioso, S of 
Cerro Partido, 0°51'28.10"S, 89°27'38"W, 372 m alt., transition zone, on twigs of Clerodendrum molle, 23 Aug 2008, 
Bungartz 8543 (CDS41189); sector of the “Gotera de agua”, flat plane between the cerros Pelado and Partido, 
0°51'25.60"S, 89°27'34.89"W, 377 m alt., transition zone, dead tree lying on the ground, 23 Aug 2008, Clerc 08-325 
(CDS40179). Santa Cruz Island, temporary Cinchona weather station, along the trail to El Puntudo, 0°39'6.59"S, 
90°19'57.39"W, 698 m alt., humid zone, on trunk of Cinchona pubescens, 28 Dec 2005, Bungartz 3287 (CDS26929). 
Santiago Island, along the trail from Bucanero to Jaboncillos, c. 200 m below the summit, Cerro Gavilan, 0°12'9"S, 
90°47'3"W, 796 m alt., transition zone, on twigs of Clerodendrum molle, 23 Mar 2006, Bungartz 4736 (CDS28847). 

Pertusaria lueckingii Bungartz, A.W.Archer & Elix, sp. nov. 

MycoBank No.: MB 814350 

Thallus morphologically very similar to P. balekensis A.W.Archer & Elix, but containing xanthones 
(4,5-dichlorolichexanthone and related compounds) rather than stictic acid. 
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Type: ECUADOR. Galapagos: Floreana Island, entrance to Primavera Farm from main dirt road, 1°18'22.1"S, 
90°26'29.7"W, 371 m alt., humid zone, pasture with elephant grass, some trees of Cedrella odorata and Psidium 
guajava; on sunny, wind- and rain-exposed bark of S-exposed trunk of Cedrella odorata (c. 30 cm diam.), 22 
Jan 2011, Bungartz 10074 (CDS47469, holotype). 

Fig. 5f 

Thallus corticolous, lignicolous or saxicolous, crustose, continuous to rimose; surface greenish white, greenish 
grey or greenish brown (±pale olivaceous), ±shiny, smooth, epruinose, plane; soralia 0.3-1.5 mm, greyish 
white, sparse to abundant, mostly single and dispersed, rarely ±confluent, irregular in outline and not clearly 
delimited, lacking a thalline margin; soredia coarse, granular to ±coralline; medulla white; margin not distinctly 
zonate, delimited by a compact, shiny blackprothallus (especially where adjoining other thalli). Apothecia and 
pycnidia unknown. 

Chemistry: Thallus P-, K-, C-, KC-; medulla P-, K-, C-, KC-; soredia P-, K-, C-, KC-; UV± pale yellow; 
containing 4,5-dichlorolichexanthone (major), ±2,4,5-trichlorolichexanthone (trace), ±4,5-dichloro-3-0- 
methylnorlichexanthone (trace). 

Etymology: Named in honour of the lichenologist Robert Lucking, who first recognized this taxon as an 
independent species. 

Distribution and ecology: Previously reported as an undescribed species from El Salvador, Central America 
(Archer and Elix 2011); in the Galapagos Islands it occurs from the upper transition zone into the humid zone, 
in dense shaded forests, often on introduced Guava trees (Psidium guajava); one collection grows on shaded 
and sheltered lava. 

Notes: Morphologically P. lueckingii closely resembles P. balekensis A.W.Archer & Elix from Australia and 
Papua New Guinea, but it contains xanthones (2,4,5-trichlorolichexanthone, 4,5-dichlorolichexanthone; 
4,5-dichloro-3-0-methylnorlichexanthone) rather than stictic acid. 

In the Galapagos Islands, P. lueckingii is superficially similar to other species with coarse soredia, in particular 
the epiphytic P. commutata and P. leucosorodes, and the saxicolous P. xantholeucoides, but the ontogeny and 
structure of their soralia are very different. In P. lueckingii the soralia are ill defined and the soredia appear 
somewhat coralloid. In the other three species with coarse soredia the soralia are well delimited, erupting from 
distinct verrucae. Chemically the species are also distinct, P. commutata, P. leucosorodes and P. xantholeucoides 
all contain lichexanthone accompanied either by thamnolic acid or related metabolites, both these are absent 
in P. lueckingii. 

Additional specimens examined: ECUADOR. Galapagos: Floreana Island, trail to Pampa Larga, going off 
at end of dirt road to the highlands, SSW of Cerro Asilo de la Paz, 1°19T9.10"S, 90°27'20.60"W, 265 m alt., 
transition zone, on SSE-exposed base of Geojfroea spinosa, 13 Jan 2011, Yanez-Ayabaca 1868 (CDS48224). 
Isabela Island, Volcan Cerro Azul, path from the first Caseta del Parque to Caleta Iguana at the coast, approx, 
one third of the way, 0°59'9.5"S, 91°26'4.90"W, 224 m alt., transition zone, on trunk of Psidium floribunda, 7 
May 2012, Spielmann 10638 (CDS52005); path from the first Caseta del Parque to Caleta Iguana at the coast, 
approx, half of the way, 0°59'1.8"S, 91°26T5.4"W, 205 m alt., transition zone, on lower side of branch, 8 May 
2012, Bungartz 10445 (CDS52414); along the trail from Caleta Iguana to the first Caseta del Parque, 0°59T2.1"S, 
91°25'35.79"W, 276 m alt., transition zone, on twigs and branches, 2 May 2012, Spielmann 10369 (CDS51725). 
Santiago Island, summit of Cerro Gavilan, inner N- and NE-exposed crater rim, 0°12'20"S, 90°47'3"W, 840 m 
alt., humid zone, lava, on rock, 23 Mar 2006, Aptroot 65641 (CDS32231). El Salvador: Ahuachapan Jujutla, 
La Cascada de Don Juan Ecotourism Park, about 60 km ENE of San Salvador; 13°47'N, 89°51'W, 600 m alt., 

disturbed remnants of tropical rain forest, Apr 2011, Lucking 33103 (F). 

Pertusaria medullamarilla Yanez-Ayabaca, Bungartz, A.W.Archer & Elix, sp. nov. 

MycoBank No.: MB 814351 

Thallus with a distinctly lemon-yellow medulla, overall similar to P. endochroma, but growing on rock; 
containing thiophaninic acid, 4-chloro-6-0-methylnorlichexanthone, 2-chloro-6-0-methylnorlichexanthone 
and 2'-0-methylperlatolic acid. 

Type: ECUADOR. Galapagos: Pinzon Island, in the valley on the W slope of the highest mountain, 0°36'41"S, 
90°40'11"W, dry zone, open scrub with Prosopis juliflora, Alternanthera filifolia, Maytenus octogona, and Croton 
scouleri; on basalt; 16 Feb 2006, Aptroot 64089 (CDS30650, holotype). 
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Fig. 5. a-d Pertusaria galapagoensis; a thallus with disc-shaped, ±fused apothecia with several deep black, punctiform 

ostioles (Bungartz 10070, CDS47465, holotype, scale 3 mm) b-d section of apothecium and ascospores (Aptroot 64698, 

CDS31272); b apothecial section (scale 200 pm); c ascospore with outer, finely ornamented spore wall (scale 30 pm); 

d ascospore with smooth, apically trimmed inner wall (scale 30 pm); e thallus of P. leucosorodes with soralia with 

blastidiate-granular soralia (Bungartz 8543, CDS41189, scale 3 mm); f thallus of P. lueckingii with soralia with coarse, 

granular to ±coralline soredia (Bungartz 10074, CDS47469, scale 3 mm). 
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Figs 6a-d 

Thallus saxicolous, crustose, rimose-areolate; surface pale greyish to yellowish white to pale lemon-yellow, dull 
to ±shiny, smooth, epruinose, but in parts eroded, plane to barely wrinkled, lacking soredia or isidia; medulla 
conspicuously lemon-yellow; margin not distinctly zonate, delimited by an indistinct whitish prothallus. Apothecia 
verruciform, hemispherical to subglobose, 0.7-1 (-1.7) mm diam., single or rarely fusing, not or slightly constricted 
at the base, apically conical to ±flattened, concolorous with the thallus, mono- to polycarpic, with l-2(-4) dark 
grey to black, punctiform ostioles, not distinctly delimited or, in part, with a pale greyish rim, most remaining 
punctiform, but typically some ±expanding and even becoming ±discoid when fusing; thalline exciple hyaline, with 
a few large crystals (persistent in K) and abundant minute crystals (dissolving in K, re-forming as yellowish clusters 
of needle shaped crystals; thiophaninic acid), cortex lacking crystals; epihymenium olive, K+ violet; proper exciple 
and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium not inspersed, of branched 

and sparingly anastomosing hyphae, ±loosely intertwined around asci; asci cylindrical, 2(-4)-spored; ascospores 
hyaline, oblong to ellipsoid to broadly fusiform or tcitriform, sometimes ±asymmetric with one slightly broader 

and one more narrow end, (55-)71-108(-129) pm long, (30-)35-48(-55) pm wide (n = 33); spore wall 2-layered, 
outer wall 2-3(-4) pm thick, with conspicuous microrugulate ornamentation, inner wall (3-)4-5 pm wide, smooth 

(not grooved or laminated), markedly thickened apically (to 16 pmfpycnidia not known. 

Chemistry: Cortex P-, K-, C+ orange, KC+ orange, medulla P-, K-, C+ orange, KC+ orange, UV+ orange; 
containing thiophaninic acid, 4-chloro-6-0-methylnorlichexanthone, 2-chloro-6-0-methylnorlichexanthone, 
2'-0-methylperlatolic acid. 

Etymology: Named for its yellow medulla (amarillo is Spanish for yellow). 

Distribution and ecology: Endemic to the Galapagos; found from the dry to the humid zone, but most 
common in the transition zone, on semi-shaded to sunny, wind- and rain-exposed basalt boulders and cliffs. 

Notes: The strictly saxicolous P. medullamarilla is morphologically and anatomically very similar to the 
corticolous P. endochroma, but the latter only contains thiophaninic acid. In addition to thiophaninic acid, 
P. medullamarilla also contains 4-chloro-6-0-methylnorlichexanthone,2-chloro-6-0-methylnorlichexanthone 
and 2'-0-methylperlatolic acid. It is thus chemically distinct and not just a saxicolous form of P. endochroma. 

Additional specimens examined: ECUADOR. Galapagos: Floreana Island, trail going to Post Office Bay, 
off the dirt road between highlands and Puerto Velasco Ibarra, cliff at NE-side of trail (Mirador), 1°17'4.29"S, 
90°26'36.60"W, 365 m alt., transition zone, on top of basalt cliff, 25 Jan 2011, Bungartz 10213 (CDS47632). 
Pinzon Island (see type). San Cristobal Island, sector of the “Gotera de agua”, flat plane between the cerros 
Pelado and Partido, 0°51'25.60"S, 89°27'34.89"W, 377 m alt., transition zone, on basalt rocks on the ground, 23 
Aug 2008, Truong 1508 (CDS39819); Cerro Mundo, at the top of the rock cliffs on the S side close to the summit, 
0°53'19.5"S, 89°34'24.30"W, 282 m alt., transition zone, on protected rock cracks on the cliff, 25 Aug 2008, 
Clerc 08-393 (CDS40247). Cerro Partido, along trail from entrance to Cerro Pelado to El Ripioso, 0°51'23"S, 
89°27'37"W, 376 m alt., transition zone, on E-exposed slope (80°) of basalt boulder, 28 Apr 2007, Bungartz 6635 
(CDS34855); plain between Cerro Pelado and Cerro Partido, S of El Ripioso, 0°51'27"S, 89°27'36"W, 366 m alt., 
transition zone, on top of small basalt rock, 28 Apr 2007, Bungartz 6653 (CDS34889). Santiago Island, summit 
of Cerro Gavilan, inner N- and NE-exposed crater rim, 0°12'20"S, 90°47'3"W, 840 m alt., humid zone, on lava 
rock, 23 Mar 2006, Aptroot 65738 (CDS32330); along the trail from the caseta in La Central to La Bomba (at 
the coast), cliff c. 2.5 km NE of the caseta, 0°13'41"S, 90°44'10"W, 533 m alt., transition zone, horizontal ledges 
of SW-exposed front of basalt cliff, on rock, 25 Mar 2006, Bungartz 4866 (CDS29065). 

Pertusaria nigrata Kremp., Flora 59: 174 (1876) 

Figs 6e-g 

Thallus corticolous, crustose, rimose to rimose-areolate; surface whitish beige to mineral- or olive- 
grey, mostly dull, rarely ±shiny in part, smooth, epruinose, but often becoming twhitish eroded in 
part, lacking soredia and isidia, but often conspicuously papillate-verrucose; medulla white; margin 
not distinctly zonate, dull brownish or sometimes delimited by a thin, compact, black prothallus 
(especially where adjoining other thalli). Apothecia verruciform, hemispherical to subglobose, 0.7-1 (- 

1.2) mm diam., rarely single, more commonly fusing into ±gnarled and contorted clusters, tconstricted 
at the base, apically iflattened, concolorous with the thallus, (mono- to) polycarpic, with 1-3(-5) 
blackish brown ostioles, rarely delimited by a paler tindistinct, slightly elevated margin, some remaining 
punctiform, but sometimes expanding and becoming ± discoid, typically closely aggregated, rarely fusing at the 
flattened top of the apothecium; thalline exciple dull brownish outside, hyaline within, with abundant minute 
and moderately sized crystals (minute crystals dissolving, moderately sized ones persistent in K); epihymenium 
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Fig. 6. a-d Pertusaria medullamarilla (Aptroot 64089, CDS30650); a rimose areolate thallus with verruciform apothecia 

(scale 3 mm); b close-up of apothecia cut to reveal yellow medulla (scale 1 mm); c ascospore with outer, finely ornamented 

spore wall (scale 40 pm); d ascospore with smooth, apically strongly trimmed inner wall (scale 40 pm); e-g Pertusaria 

nigrata (Aptroot 65034, CDS31616); e papillate-verrucose thallus (scale 3 mm); f apothecial section (scale 200 pm); 

g ascospore with smooth, barely ornamented outer wall and smooth, apically thickened inner wall (scale 20 pm). 
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pale olive, K± weakly violet; proper exciple and hypothecium hyaline to pale yellowish, not inspersed with 
crystals; hymenium not inspersed, of branched and sparingly anastomosing hyphae, ±loosely intertwined 
around asci; asci cylindrical, (4-)6-8-spored; ascospores hyaline, narrowly to broadly ellipsoid to broadly 
fusiform, or ±citriform, (73-)93-135(-148) pm long, (26-)33-56(-63) pm wide (n = 34); spore wall 2-layered, 
outer wall 2-3(-7) pm thick, smooth to very faintly ornamented, inner wall (4-)6-10 pm wide, smooth (not 
grooved or laminated), apically distinctly thickened (‘trimmed'; up to 14 pm); pycnidia not seen. 

Chemistry: Cortex P-, K-, C-, KC-; medulla P+ orange (sometimes weak), K+ yellow, C-, KC-; UV+ bright 
yellow; containing lichexanthone, stictic acid, constictic acid. 

Distribution and ecology: Known from South America, India, Sri Lanka and Australia (Archer and Elix 
2011); collected on dead wood and bark of Scalesia and Zanthoxylon in the humid zone of Volcan Alcedo, 
Isabela Island. 

Notes: Morphologically and anatomically very similar to P. endoxantha, but that species has smaller ascospores, 
lacks xanthones and contains norstictic rather than stictic and constictic acids. 

Specimens examined: ECUADOR. Galapagos: Isabela Island Volcan Alcedo, outer SE-exposed slope and 
crater rim, 0°27'29"S, 91°7'19"W, 1089 m alt., humid zone, on twigs of Scalesia microcephala, 05 Mar 2006,Bungartz 
4013 (CDS27943); on Zanthoxylum fagara, 05 Mar 2006, Aptroot 65034 (CDS31616); c. 100 m below the crater 
rim,0°25'36"S,91°5'12"W, 1146 malt., humid zone, branches of dead tree, 6 Mar 2006, Bungartz 4165 (CDS28196). 

Pertusaria oahuensis H.Magn., Arkiv for botanik 31A (6): 57 (1944) 

Fig. 7a 

Thallus corticolous or lignicolous, crustose, rimose to rimose-areolate; surface pale yellowish to yellowish white, 
dull, smooth, epruinose, coarsely wrinkled (rugose to tplicate); soralia 0.3-0.6 mm diam., concolorous with 
the thallus or slightly paler, sparse to abundant, mostly single and dispersed, very rarely tconfluent, initially 
±flattened, but soon distinctly convex, hemispherical, circular in outline and distinctly delimited, but lacking 
a thalline margin; soredia farinose; medulla white; margin not distinctly zonate, delimited by a compact, shiny 
black prothallus (especially where adjoining other thalli). Apothecia and pycnidia not seen. 

Chemistry: Cortex P-, K- (slowly turning yellow, where damaged), C-, KC-; medulla P+ orange, K+ yellow, 
C-, KC-; soralia P+ orange, K+ yellow, C-, KC-; UV+ bright yellow; containing lichexanthone, stictic acid, 
cryptostictic acid and constictic acid. 

Distribution and ecology: New to South America, previously known from Hawaii and Australia (Archer and 
Elix 2011); the few collections from the Galapagos were all from open woodland or scattered trees in the dry 
and transition zone. 

Notes: Pertusaria oahuensis, like P. darwiniana, contains both stictic acid and xanthones. Both species form 
rimose to rimose-areolate thalli but those of P. oahuensis typically have a more irregularly roughened surface 
with a distinct pale yellow tinge. Under UV-light specimens fluoresce bright orange yellow, due to the presence 
of lichexanthone. Thalli of P. darwiniana are usually greyish white, occasionally with a pale pinkish, but never 
distinctly yellowish tinge. These thalli are not distinctly fluorescent, but do fluoresce pale yellow under UV- 
light (due to 4-5 dichlorolichexanthone). While stictic acid has been found in all specimens of P. oahuensis, it 
is not always present in P. darwiniana, and often only in very low concentration. 

The most conspicuous morphological difference between the two species is the morphology of the soralia. In 
P. darwiniana the soralia are distinctly rimmed, often by a rather broad thalline margin, rarely, if the thallus 
is poorly developed, only by a thin thalline membrane. If the margin is well developed, the soralia appear 
±concave and contain relatively coarse soredia that are frequently tinged distinctly pink to yellowish. Pertusaria 
oahuensis has much finer soredia, concolorous with the thallus, and formed in convex soralia that are not 
delimited by a distinct thalline margin. In neither species are the soralia apothecial, i.e., an ascohymenial layer 
with asci and ascospores has not been detected below the soredia. 

Specimens examined: ECUADOR. Galapagos: Isabela Island, Volcan Sierra Negra, Volcan Chico on the 
norteastern slope of Sierra Negra, 0°46'56.79"S, 91°6'4.29"W, 938 m alt., transition zone, on SW-exposed trunk 

of Jasminocereus thouarsii, 14 Aug 2008, Bungartz 8176 (CDS40822). Pinta Island, along the trail up to the 
summit from the S-coast, 0°34'27"N, 90°45'5"W, 369 m alt., transition zone, on pad of Opuntia galapageia, SW- 
exposed, 27 Feb 2007, Bungartz 5849 (CDS33524). Pinzon Island, in the valley on the W-slope of the highest 
mountain, 0°36'41"S, 90°40'H"W, 310 m alt., dry zone, on wood, 16 Feb 2006, Aptroot 64082 (CDS30643). 

Santiago Island, E of salt lake at James Bay, 0°14'25"S, 90°48'50"W, 170 m alt., transition zone, on Bursera bark, 
30 Apr 1971, Pike ID16-2 A (OSC101523). 
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Pertusaria stictica Nugra, A.W. Archer, Bungartz & Elix, sp. nov. 

MycoBank No.: MB 814352 

Similar to P. alhopunctata A. W. Archer & Elix, but with a much thinner, non-fissured thallus and with excavate 

rather than prominent soralia. 

Type: ECUADOR. Galapagos: Santa Cruz Island, Camote, Rene Valles' farm, at the border of the Galapagos 
National Park, 0°38'15.2"S, 90°17'53.3"W, 471 m alt., humid zone, secondary forest of Psidium galapageium 
and Scalesia pedunculata, disturbed by restoration management from the National Park to control invasive 
species, growing at breast height on NE-exposed bark of P. galapageium [original label data: Camote, finca 
de Rene Valle, lindero del Parque Nacional Galapagos, 0°38'15.2"S, 90°17'53.3"W, 471 m alt.; zona humeda, 
bosque secundario de Psidium galapageium y Scalesia pedunculata, perturbado, restaurado y Parque Nacional 
Galapagos intervenido por especies vegetales invasoras, sobre corteza de P. galapageium, altura al pecho, 
exposicion NE]; 21 Sep 2007, Nugra 451 (CDS36765, holotype). 

Fig. 7b 

Thallus corticolous or lignicolous, crustose, continuous to ±discontinuous (not fissured but the substrate 
in parts often shining through); surface greenish white to greenish grey, dull to ±shiny, smooth, epruinose, 

plane, not wrinkled; soralia 0.1-0.7 mm diam., greyish white, sparse to abundant, single and dispersed, not 
confluent, flattened to excavate, circular in outline and distinctly delimited by a thin and ±membranaceous 
layer; soredia farinose to ±granular; medulla white; margin not distinctly zonate, delimited by a compact, shiny 
blackprothallus (especially where adjoining other thalli). Apothecia andpycnidia not seen. 

Chemistry: Cortex P-, K-, C-, KC-; medulla P+ orange, K+ yellow, C-, KC-; soralia P+ orange, K+ yellow, C-, 
KC-; UV-; containing stictic acid (major) an constictic acid (trace). 

Etymology: Named for its principal secondary metabolite, stictic acid. 

Distribution and ecology: Endemic to the Galapagos; known only from two collections, both on the bark of 
endemic Psidium galapageium trees in the humid zone. 

Notes: According to their chemistry (stictic acid chemosyndrome) these specimens key out as P. alhopunctata 
in Archer and Elix (2011), a species considered endemic to tropical and subtropical rainforest in eastern 
Queensland, Australia (Archer and Elix 2009). The thalli of P. stictica are much thinner, in parts ±discontinuous 
with the substrate shining through. Unlike P. alhopunctata s.str. they are not rimose and the soralia are not 
prominent, but excavate. 

The clearly delimited soralia of this species with their distinct thalline rim resemble those of P. darwiniana. 
In well-developed specimens of P. darwiniana this rim broadens into a thick thalline margin (structurally 
similar to the margin of lecanorine apothecia), yet specimens with poorly developed soredia often form only a 
thin membranaceous layer. These species can only be reliably distinguished by their chemistry with P stictica 
consistently lacking xanthones. 

Additional specimen examined: ECUADOR. Galapagos: Floreana Island, at SE-base of Cerro de los 
Suspiros, 1°18'5.90"S, 90°25'48.29"W, 342 m alt., humid zone, on S-exposed lower side of inclined Psidium 
guajava trunk, 22 Jan 2011, Bungartz 10024 (CDS47393). 

Pertusaria tejocotensis var. stictica A.W.Archer, Bungartz Sr Yanez-Ayabaca, var. nov. 

MycoBank No.: MB 814353 

Differs from Pertusaria tejocotensis var. tejocotensis B. de Lesd. by the presence of stictic acid and related 
metabolites. 

Type: ECUADOR. Galapagos: Pinzon Island, E-facing side of a valley on the W-slope of the highest 
mountain, 0°36'49"S, 90°40'14"W, 294 m alt., transition zone, E-facing basalt cliff and Scalesia haurii ssp. haurii; 
Polypodium tridens growing on the basalt cliff, on top and flat slope of sunny, wind- and rain-exposed basalt 
boulder, 16 Feb 2006, Bungartz 3608 (CDS27426, holotype). 

Figs 7c-d 

Thallus saxicolous, crustose, rimose-areolate; surface pale to deep lemon-yellow, dull to ±shiny, smooth, 
epruinose, plane to barely wrinkled, lacking soredia or isidia; medulla white; margin not distinctly zonate, 
not delimited by a distinct prothallus. Apothecia verruciform, hemispherical to subglobose, 0.5-0.7(-1.2) 
mm diam., single or rarely fusing, constricted at the base, apically not flattened, concolorous with the thallus, 
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mono- to polycarpic, with l-2(-4) dark brownish to blackish grey or jet black, punctiform ostioles, not 
delimited by a distinct rim, single or rarely fusing, plane to ±sunken, or emerging as small papillae on top 
of the apothecial verrucae; thalline exciple hyaline, lacking large crystals, but with abundant minute crystals 
(dissolving in K, re-forming as yellowish clusters of needle shaped crystals; thiophaninic acid), cortex lacking 
crystals; epihymenium dull brown, K-; proper exciple and hypothecium hyaline to pale yellowish, not inspersed 
with crystals; hymenium not inspersed, of branched and sparingly anastomosing hyphae, ±loosely intertwined 
around asci; asci cylindrical, (2-)4-6(-8)-spored; ascospores hyaline, ellipsoid to broadly fusiform or tcitriform, 
(49-)54-74(-80) pm long, (22-)28-37(-42) pm wide (n = 20); spore wall 2-layered, outer wall 2-3(-5) pm 
thick, with conspicuous microrugulate ornamentation, inner wall (3-)4-5 pm wide, with maturity distinctly 
laminated, markedly thickened apically (to 12 pm);pycnidia not seen. 

Chemistry: Cortex P-, K-, C+ orange, KC+ orange; medulla P+ orange, K+ yellow, C-, KC-; UV+ orange; 

containing thiophaninic acid, confluentic acid, planaic acid, 2'-0-methylmicrophyllinic acid, stictic acid, 
constictic acid. 

Etymology: Named for its distinctive chemistry. 

Distribution and ecology: This is the most common taxon on rock in the Galapagos, particularly on sunny, 

wind- and rain-exposed boulders and cliffs in the dry and transition zones, generally found in dry habitats 
from the coast to the high altitude dry zone. Pertusaria tejocotensis var. tejocotensis is known from Mexico and 
south-western USA (Lumbsch and Nash 2002, Dibben 1980). 

Notes: The stictic acid chemosyndrome is here reported for the first time from P. tejocotensis s. lat. It was 
previously considered a good diagnostic character to distinguish this species from the morphologically similar, 
P. texana. Both species contain thiophaninic acid as a major xanthone, but P tejocotensis contains additional 
confluentic and 2'-0-methylperlatolic acid, both absent in P. texana. However, the two species are clearly 
distinguished by their substrate preferences. P texana grows on bark or rarely on wood, whereas P. tejocotenis 
typically inhabits rock, rarely soil or detritus (one specimen was found to be parasitic on Stereocaulon azulense). 
In both species the number of ascospores per ascus varies, but the asci of P. tejocotensis most commonly contain 
four, rarely six to eight ascospores. In P texana asci are typically 8-spored, although they occasionally may 
produce fewer ascospores. Both species have two-layered spore walls with the inner wall thickened apically, but 
in P. tejocotensis the inner wall appears distinctly laminated. These laminations are not observed in P. texana. 

Additional specimens examined: ECUADOR. Galapagos: Espanola Island, along S-coast of the island, SE of 
Punta Suarez, c. 500 m inland from coast, 1°22'56.60"S, 89°43'8.40"W, 133 m alt., dry zone, on top of basalt outcrop; 
10 Nov 2010, Bungartz 8929 (CDS45747); trail from Bahia Manzanillo on the N-coast of the island to the highest 
point, 1°21'24.89"S, 89°41'57"W, 24 m alt., dry zone, on top of lava boulder, 11 Nov 2010, Ydnez-Ayabaca 1657 
(CDS45540), 1660 (CDS45543); 1°22T8.69"S, 89°42'7.40"W, 130 m alt., dry zone, top of basalt cliff, 11 Nov 2010, 
Bungartz 9111 (CDS45929). Floreana Island, trail going to Post Office Bay off the dirt road between highlands 
and Puerto Velasco Ibarra, 1°15'42.29"S, 90°26'31"W, 197 m alt., dry zone, on top of small basalt rock, 14 Jan 2011, 
Bungartz 9616 (CDS46895); cliff at NE-side of trail (Mirador), 1°17'4.29"S, 90°26'36.60"W, 365 m alt., transition 
zone, on NE-exposed front of basalt cliff, 25 Jan 2011, Bungartz 10225 (CDS47644), 10191 (CDS47610), Ydnez- 
Ayabaca 2137 (CDS48512); lava flow c. 200 m N of village Puerto Velasco Ibarra, at the W-coast of the island, c. 

100 m inland, 1°16T0.1"S, 90°29'17.80"W, 11m alt., coastal zone, on top of basalt boulder, 18 Jan 2011, Bungartz 
9871 (CDS47209). Isabela Island, Volcan Alcedo, outer E-exposed slope just below the crater rim, 0°25'17"S, 
91°5'8"W, 1077 m alt., humid zone, on lava rock, 8 Mar 2006, Aptroot 65140 (CDS31723), 65141 (CDS31724); 
Volcan Cerro Azul, outer, lower, densely vegetated slopes of the crater rim, 0°57'99"S, 91°24'23.19"W, 1470 m alt., 
high altitude transition zone, on basalt ridge, 6 May 2012, Bungartz 10381 (CDS52351); outer SE-exposed slope, 
c. 2.5 km below the crater rim, 0°26'20"S, 91°4'35"W, 784 m alt., transition zone, on N-exposed front of fine- 

layered glossy basalt boulder, 7 Mar 2006, Bungartz 4288 (CDS28360), 4290 (CDS28362), 4289 (CDS28361); lava 
ridge to the West above Cerro Verde, 0°57'9.40"S, 91°24'32.89"W, 1442 m alt., humid zone, on lava with thin 
humus layer (in part parasitic on Stereocaulon azulense and thus with atranorin and norstictic acid), 6 May 2012, 
Bungartz 10394 (CDS52364); Volcan Darwin, southwestern slope, above Tagus Cove, 0°13'43.29"S, 91°19'47.29"W, 
724 m alt., transition zone, below overhang, 12 Nov 2007, Ertz 11811 (CDS37170), 11801A (CDS38908); 0°13'27"S, 
91°19'19.5"W, 874 m alt., transition zone, SE-exposed slope of lava flow; on rock, 15 Nov 2007, Bungartz 7724 
(CDS38228); c. 1.5 km from the southwestern crater rim, 0°12'20.5"S,91o18'52.79"W, 1280 m alt., high altitude dry 
zone, slope (75°) of basalt outcrop; on rock, 14 Nov 2007, Bungartz 7613 (CDS38109);0°13'25.60"S,91°19T3.80"W, 

900 m alt., transition zone, on horizontal rock surface on top of lava flow, 15 Nov 2007, Bungartz 7771 (CDS38279); 
0°13'59"S, 91°20'8"W, 597 m alt., dry zone, top of AA-lava flow, on rock, 16 Nov 2007, Bungartz 7806 (CDS38315); 

Volcan Sierra Negra, Muro de las Lagrimas W of Puerto Villamil, along the stairs going up behind the wall, 
0°57'52.70"S, 91°0'46.79"W, 78 m alt., dry zone, at the top of basaltic rocks at the side of the stairs (exposed), on 
rock, 17 Aug 2008, Truong 1279 (CDS39590), Herrera-Campos 10747 (CDS40485), Bungartz 8436 (CDS41082); 
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close to Volcan Chico, along the trail, 0°46'57.79"S, 91°5'59.39"W, 944 m alt., transition zone, on bare basaltic rocks, 
14 Aug 2008, Truong 1242 (CDS39553), Clerc 08-147 (CDS40001); Herrera-Campos GAL-405 (CDS43295); Cerro 
Orchilla W of Puerto Villamil, close to the top, 0°57'45.60"S, 91°0'25.30"W, 98 m alt., dry zone, on basalt lava, 17 
Aug 2008, Herrera-Campos GAL-418 (CDS43309); top of the northern crater rim, 0°48’3"S, 91°5'25.89"W, 968 m 
alt., humid zone, on top of basalt boulder 8 Sep 2007, Bungartz 6790 (CDS36209), 6775 (CDS36194); along dirt 
road from Puerto Villamil to crater of Sierra Negra, 0°55'12.4"S, 90°59'38.20"W, 30 m alt., dry zone, on S-exposed 
front of AA-lava, 10 Sep 2007, Bungartz 6931 (CDS36431); Las Tintoreras, small island infront of Puerto Villamil 
at the S-coast of Isabela, 0°58'13.6"S, 90°57'39"W, 13 m alt., coastal zone, on W-exposed front of lava rock, 10 Sep 
2007, Bungartz 7012 (CDS36519), 7033 (CDS36540); southwestern slope, above Tagus Cove, 0°13'43.29"S, 
91°19’47 29"W, 724 m alt., transition zone, on top of small basalt rock among lava pebbles, 12 Nov 2007, Bungartz 

7417 (CDS37904). Pinta Island, N-exposed slope of highest point of the island, at crater rim, 0°35'6"N, 90°45'10"W, 
620 m alt., humid zone, on SE-exposed front of basalt cliff, 26 Feb 2007, Bungartz 5750 (CDS33405); along the 
trail up to the summit from the S-coast, 0°34'3"N, 90°44'56"W, 233 m alt., transition zone, on top of AA-lava 
boulde, 28 Feb 2007, Bungartz 5970 (CDS33648); at the S-coast, a little E of Cabo Chalmers, 0°33'2"N, 90°46'3"W, 
10 m alt., dry zone, on top of exposed AA-lava flow, 1 Mar 2007, Bungartz 6055 (CDS33734); SW-part of the 
island, along trail going up the southwestern slope to Las Pampas on the western saddle, 0°34' 13.5"N, 90°45'38.20"W, 
316 m alt., transition zone, on top of basalt boulder, 30 Jan 2008, Nugra 557 (CDS38935); plateau on top of the 
western cliff, W of Las Pampas, 0°34'52.60"N, 90°46'29.19"W, 425 m alt., transition zone, on SSW-exposed 

overhang/cavity of basalt boulder, 1 Feb 2008, Nugra 639 (CDS39017). Pinzon Island, along the trail going up 
from Playa Escondida, N- to W-facing cliff above a crater, 0°36'29"S, 90°40'14"W, 318 m alt., transition zone, on 
lava rock, 16 Feb 2006, Aptroot 64010 (CDS30571). San Cristobal Island, Pan de Azucar, inland from Bahia 
Sardinas at the NW-coast of the island, 0°43'13"S, 89°2T14"W, 155 m alt., dry zone, on E-exposed front of cliff of 
consolidated tuff, 24 Apr 2007, Bungartz 6442 (CDS34657); Cerro Partido along trail from entrance to Cerro 
Pelado to El Ripioso, 0°51'23"S, 89°27'37"W, 376 m alt., transition zone, on S-exposed slope (20°) of basalt boulder, 
28 Apr 2007, Bungartz 6611 (CDS34831); Cerro Colorado summit, around the viewpoint, 0°54'54.89"S, 
89°26'L5"W, 159 m alt., dry zone, basalt rocks, slope 15° SWW, on rock, 24 Aug 2008, Clerc 08-267 (CDS40121); 
Cerro Mundo, at the top of the rock cliffs on the S side close to the summit, 0°53'19.5"S, 89°34'24.30"W, 282 m alt., 
transition zone, in protected rock cracks of the cliff, 25 Aug 2008, Clerc 08-392 (CDS40246). Santa Cruz Island, 
on the North side of the island, along the dirt road to the ash quarry Mina Granillo Rojo, 0°36'56"S, 90°22'3"W, 
570 m alt., transition zone, on lava rock, 23 Feb 2006, Aptroot 64550 (CDS31122). Rabida Island, E-side of the 
island, dry zone, 1 May 1976, Weber s.n. (C0L0294662; L-62859). Santiago Island, summit of Cerro Gavilan, 
inner N- and NE-exposed crater rim, 0°12’20"S, 90°47'3"W, 840 m alt., humid zone, on lava rock, 23 Mar 2006, 
Aptroot 65708 (CDS32300); Bungartz 4801 C (CDS43921); along the trail from the caseta in La Central to La 
Bomba (at the coast), cliff c. 2.5 km NE of the caseta, 0°13'41"S, 90°44'10"W, 533 m alt., transition zone, on 
horizontal ledges of SW-exposed front of basalt cliff, 25 Mar 2006, Bungartz 4865 (CDS29064); c. 5 km inland 
from the E-coast, ± at the same latitude as Bahia Sullivan, 0°16'52"S, 90°37'17"W, 175 m alt., dry zone, on S-exposed 
front of small basalt rock, 16 Jul 2006, Bungartz 5051 (CDS29264); 0°16'37"S, 90°37'24"W, 163 m alt., dry zone, on 
top of small basalt rock, 18 Jul 2006, Bungartz 5201 (CDS29414); top cinder cone, c. 1 km inland from the E-coast, 
at the same latitude as Isla Bartolome, 0°17'56"S, 90°35'3"W, 222 m alt., dry zone, on NNW-exposed front of basalt 
rock, 20 Jul 2006, Bungartz 5313 (CDS29529); along the trail from Bucanero to Jaboncillos, c. 3 km SE of Bucanero, 
0°10'52"S, 90°48'33"W, 362 m alt., transition zone, on lava rock, 22 Mar 2006, Aptroot 65397 (CDS31983); near 
James Bay, 0°13'45"S, 90°48'30"W, 240 m alt., dry zone, on rock, 1 May 1971, Pike 2691 (OSC101600); en el parte 
sureste de la isla, 0°17'54"S, 90°37'54.89"W, 163 m alt., zona seca, sobre rocas de lava basaltica, 20 Jul 2006, Nugra 
117 (CDS32771); near James Bay, 0°14’0"S, 90°49'30"W, 45 m alt., dry zone, on rock, 27 Apr 1971, Pike 2613 

(OSC101598). 

Pertusaria tetrathalamia (Fee) Nyl., Acta Societatis Scientiarum Fennicae 7(2): 448 (1863) 

Trypethelium tetrathalamium Fee,Essai sur les cryptogames des ecorces exotiques officinales: 69 (1825) [1824] 

Figs 7e-g 

Thallus corticolous, crustose, continuous to rimose; surface ivory or creamy white to pale beige, dull to tshiny, 
smooth, epruinose, coarsely wrinkled (rugose to ±plicate), lacking soredia and isidia; medulla white; margin 
not distinctly zonate, typically delimited by a thin, compact, blackprothallus (especially where adjoining other 
thalli). Apothecia verruciform, subglobose, 1—2.2(—2.3) mm diam., single or rarely fusing, distinctly constricted 
at the base, concolorous with the thallus, the cortex apically tearing apart, (mono- to) polycarpic, with (l-)2- 
3 (-4) blackish, punctiform ostioles delimited by a translucent rim, the ostioles forming where the apothecial 
cortex has torn apart; thalline exciple hyaline, with few large crystals (persistent in K) and abundant minute 
crystals (dissolving in K to form a yellow solution, ?stictic acid), cortex lacking crystals; epihymenium pale 
olive, K-; proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium not 
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Fig. 7. a rimose thallus of Pertusaria oahuensis with convex soralia producing farinose soredia (Bungartz 5849, CDS33524, 

scale 1.5 mm); b thin, ±discontinuous thallus of P. stictica with barely excavate soralia (Nugra 451, CDS36765, scale 

1.5 mm); c, d Pertusaria tejocotensis var. stictica; c rimose areolate thallus with hemispherical to subglobose verruciform 

apothecia (Bungartz 5201, CDS29414, scale 5 mm); d ascospore with laminated inner spore, apically trimmed inner spore 

wall (Bungartz 3608, CDS27426, holotype of the variety, scale 20 pm); e-g Pertusaria tetrathalamia; e rimose thallus with 

subglobose verruciform apothecia (Bungartz 7730, CDS38234, scale 5 mm), f close-up of apothecia with cortex apically 

torn apart (Bungartz 7680, CDS38183, scale 4 mm); g ascospore with spirally grooved inner spore wall (Bungartz 7680, 

CDS38183, scale 20 pm). 
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inspersed, of branched and sparingly anastomosing hyphae, ±loosely intertwined around asci; asci cylindrical, 
(2-)4-spored; ascospores hyaline, fusiform, (69—)90—115(—137) pm long, (22-)32-40(-63) pm wide (n = 72); 
spore wall 2-layered, outer wall 2-4(-5) pm thick, smooth to very faintly ornamented, inner wall 3-5 pm wide, 
conspicuously spirally grooved along the outside, ± thickened apically (to 12 pm); pycnidia not seen. 

Chemistry: Cortex P-, K-, C-, KC-; medulla P+ orange, K+ bright yellow, C-, KC-, UV± pale yellow; containing 
4.5- dichlorolichexanthone, atranorin, stictic acid, cryptostictic acid, constictic acid. 

Distribution and ecology: Throughout North and South America (Lumbsch and Nash 2002); in Galapagos 
common on twigs and branches of trees and shrubs (Chiococca alba, Croton scouleri, Psidium galapageium, 
Bursera graveolens) in the transition zone. 

Notes: Most characteristic for P. tetrathalamia are the large, erumpent, verruciform apothecia and the few, 
conspicuously grooved ascospores. See also comments under P. albinea. 

Specimens examined: ECUADOR. Galapagos: Isabela Island, Volcan Darwin, southwestern slope, above 
Tagus Cove, 0°13'27.60"S, 91°19'21.19"W, 860 m alt., transition zone, on stem of Croton scouleri, 15 Nov 2007, 
Ertz 11926 (CDS37285); Bungartz 7680 (CDS38183), 7699 A (CDS54886), 7699 B (CDS54887); 0°13'27"S, 
91°19'19.5"W, 874 m alt., transition zone, on Croton scouleri stem, 15 Nov 2007, Bungartz 7730 (CDS38234). 

Santa Cruz Island, dirt road to Mina Granillo Rojo, on the N-side of the island, 0°36'52.60"S, 90o22'11.80"W, 
547 m alt., transition zone, on branches, 20 Aug 2008, Clerc 08-191 (CDS40045); along the road from Los 
Gemelos towards the N-coast of the island, c. 1 km N of Los Gemelos, 0°37'22"S, 90°22'47"W, 584 m alt., 
transition zone, on thin stalks of Chiococca alba, 12 Leb 2006, Bungartz 3502 (CDS27280), Aptroot 63803 
(CDS30361); on the North side of the island, along the dirt road to the ash quarry Mina Granillo Rojo, 
0°36'56"S, 90°22'3"W, 570 m alt., transition zone, on Bursera, 23 Leb 2006, Aptroot 64578 (CDS31150); cerca 
la via sector Los Gemelos, 0°38'2.10"S, 90°23'37.89"W, 661 m alt., zona humeda, sobre Psidium galapageium, 4 
Jan 2007, Nugra 278 (CDS33194); near Los Gemelos craters, 0°36'31"S, 90°22'4"W, 350 m alt., humid zone, on 
wood, 31 May 2005, Aptroot 63396 (CDS30147). 

Pertusaria texana Miill.Arg., Flora 67: 399 (1884) 

Ligs 8a-b 

Phallus corticolous, crustose, continuous to rimose or rimose-areolate; surface yellowish white to pale or deep 
lemon-yellow, dull to tshiny, smooth, epruinose or very rarely pruinose, often ±verrucose to gnarled, rarely 
flaking off in scales, lacking soredia or isidia; medulla white; margin not distinctly zonate, delimited by an 
indistinct whitishprothallus. Apothecia verruciform, wart-shaped to hemispherical, rarely becoming subglobose, 
0.5-1.2(-1.5) mm diam., single or rarely fusing, not or slightly constricted at the base, apically conical, rarely 
tflattened, concolorous with the thallus, mono- to polycarpic, with 1—3(—5) hyaline to dull grey, punctiform 
ostioles, delimited by a thin rim, distinctly deeper lemon-yellow then the surrounding apothecial verrucae 

or emerging as small papillae on top of the apothecial verrucae; thalline exciple dull brown outside, hyaline 
within, with few large crystals (persistent in K) and abundant minute crystals (dissolving in K, re-forming 
as yellowish clusters of needle shaped crystals; thiophaninic acid), cortex lacking crystals; epihymenium pale 
olive, K- or K± violet (reaction often very pale); proper exciple and hypothecium hyaline to pale yellowish, not 

inspersed with crystals; hymenium not inspersed, of branched and sparingly anastomosing hyphae, ±loosely 
intertwined around asci; asci cylindrical, (4-)6-8-spored; ascospores hyaline, broadly oblong, broadly ellipsoid 
to ±citriform, (35-)43-59(-72) pm long, (21-)26-32(-34) pm wide (n = 40); spore wall 2-layered, outer wall 
3-5 pm thick, with conspicuous microrugulate ornamentation, inner wall 3-5 pm wide, smooth (not grooved 
or laminated), markedly thickened apically (to 15 pm); pycnidia not seen. 

Chemistry: Cortex P-, K-, C+ orange, KC+ orange, medulla P+ orange, K+ yellow, C- , KC- UV+ deep orange; 
containing thiophaninic acid, 2-chloro-6-0-methylnorlichexanthone, 4-chloro-6-0-methylnorlichexanthone, 
stictic acid and constictic acid; a few specimens possibly with faint traces of lichexanthone or 
4.5- dichlorolichexanthone. 

Distribution and ecology: North and Central America (Lumbsch and Nash 2002); the most common species 
on bark and wood in the Galapagos, particularly in the dry and transition zone on Bursera graveolens, but 
generally found in dry habitat from the coast to the high altitude dry zone. 

Notes: See comments about P. endochroma. 

Specimens examined: ECUADOR. Galapagos: Espanola Island, along S-coast of the island, SE of Punta Suarez, 
c. 500 m inland from coast, 1°22'56.60"S, 89°43'8.40"W, 133 m alt., dry zone, on twigs of Bursera graveolens, 10 Nov 
2010, Yanez-Ayabaca 1621 (CDS45510); along S-coast of the island, SE of Punta Suarez, c. 500 m inland from 
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coast, 1°22'56.60"S, 89°43'8.40"W, 133 m alt., dry zone, on twigs of Bursera graveolens, 10 Nov 2010, Bungartz 8963 
(CDS45781); along S-coast of the island, SE of Punta Suarez, c. 500 m inland from coast, 1°22'56.60"S, 89°43'8.40"W, 
133 m alt., dry zone, on SW-exposed trunk of Bursera graveolens, 10 Nov 2010, Bungartz 8941 (CDS45759); trail 
from Bahia Manzanillo on the N-coast of the island to the highest point, 1°21'24.89"S, 89°41'57"W, 24 m alt., dry 
zone, on twigs of Cordia lutea, 11 Nov 2010, Bungartz 9010 (CDS45828); on branches of Buresera graveolens, 11 
Nov 2010, Bungartz 9028 (CDS45846); 1°21'40.60"S, 89°41'56.60"W, 48 m alt., dry zone, on W-exposed side of 
Bursera graveolens branch, 11 Nov 2010, Bungartz 9069 (CDS45887). Islote Gardner near Espanola Island, SW- 
part of the island, 1°20'46.39"S, 89°38'54"W, 7 m alt., coastal zone, on W-exposed trunk of Bursera graveolens, 12 
Nov 2010, Bungartz 9195 (CDS46013); SW-part of the island, trail to the top, 1°20'41.5"S, 89°38'49.20"W, 21 m alt., 
coastal zone, on branch of Bursera graveolens, 12 Nov 2010, Yanez-Ayabaca 1721 (CDS45604). Floreana Island, 
800 m above the dock, on the right side of the main road, 1°16'34.89"S, 90°29'59"W, dry zone, on branch of Bursera 
graveolens,3l Dec 2009, Hillmann GAL-29 (CDS44762), at the base of Cerro Comunista, 1°17'24.5"S, 90°28'22"W, 
168 m alt., dry zone, on W-exposed branch of Bursera graveolens, 16 Jan 2011, Bungartz 9765 (CDS47082); lava 
flow behind beach [White Beach] at SE side of Punta Cormoran, c. 150 m inland, 1°13'45.60"S, 90°25'28.69"W, 6 

m alt., coastal zone, on N-side of Bursera graveolens branches, 19 Jan 2011, Bungartz 9929 (CDS47298); along trail 
going to Post Office Bay off the dirt road between highlands and Puerto Velasco Ibarra, at Laguna Seca, 
1°15'30.80"S, 90°26'26.60"W, 206 m alt., dry zone, on SW-exposed trunk/branch of Bursera graveolens, 14 Jan 
2011, Bungartz 9525 (CDS46807); at the base of Cerro Comunista, 1°17'22.89"S, 90°28'22.39"W, 158 m alt., dry 
zone, on branch of Acacia rorudiana, 16 Jan 2011, Yanez-Ayabaca 1972 (CDS48322); c. 500 m S of La Loberia, c. 
200 m inland from coast, 1°17'12.69"S, 90°29'36"W, 20 m alt., dry zone, on trunk of Bursera graveolens, 16 Jan 
2011, Yanez-Ayabaca 1981 (CDS48331); Yanez-Ayabaca 1987 (CDS48337); near Flamingo lagoon E of Post Office 
Bay, 1°15'0"S, 90°27'0"W, 5 m alt., coastal zone, on Bursera graveolens, 15 Apr 1971, Pike 2101 (OSC101596). 
Isabela Island, Volcan Darwin, at the W-coast between Tagus Cove and Caleta Negra, c. 1 km inland from the 
coast, 0°14'50.89"S, 91°22'43.79"W, 55 m alt., dry zone, on W-exposed trunk of Bursera graveolens, 17 Nov 2007, 
Bungartz 7939 (CDS38449); inland from Tagus Cove at the W-coast of the island, 0°15'8.69"S, 91°22'23.10"W, 77 
m alt., dry zone, on W-exposed trunk of Bursera graveolens, 17 Nov 2007, Bungartz 7978 (CDS38488); Volcan 
Sierra Negra, trail to Volcan Chico, along Sierra Negra crater, 0°48'53.20"S, 9105'18.39"W, 982 m alt., humid zone, 
on branches of Psidium guajava, 14 Aug 2008, Clerc 08-161 (CDS40015); Velasco, 0°49'57.79"S, 91°11'H"W, 650 
m alt., humid zone, on bark, 25 Jan 2006, Jaramillo 2832 (CDS38779); outer SE-exposed slope and crater rim, 
0°27'29"S, 91°7'19"W, 1089 m alt., humid zone, on Croton, 05 Mar 2006, Aptroot 65074 (CDS31656); outer, lower, 
densely vegetated slopes of the crater rim, 0°57'99"S, 91°24'23.19"W, 1470 m alt., high altitude transition zone, on 
base of Psidium galapageium tree, 6 May 2012, Nugra 1077 (CDS52240); along dirt road from Puerto Villamil to 
crater of Sierra Negra, 0o55'12.4"S, 90°59'38.20"W, 30 m alt., dry zone, on branches and trunk of Bursera graveolens, 
10 Sep 2007, Bungartz 6985 (CDS36489); southwestern foothills, above Tagus Cove, 0°14'50"S, 91°21'29.89"W, 67 
m alt., dry zone, on trunk of Bursera graveolens, 11 Nov 2007, Ertz 11761 (CDS37120); Bungartz 7356 (CDS37843); 
area around the Muro de las Lagrimas, c. 5 km W of Puerto Villamil, 0°57'54.29"S, 91°0'48.79"W, 81m alt., dry 
zone, on trunk of Bursera graveolens, 17 Aug 2008, Bungartz 8395 (CDS41041); Cerro Orchilla, c. 4 km W of 
Puerto Villamil, 0°57'47.29"S, 91°0'27.19"W, 56 m alt., dry zone, on top of inclined branch of Bursera graveolens, 
17 Aug 2008, Bungartz 8478 (CDS41124); on the crater rim near the hut, 0°26'33"S, 91°5'3T'W, 1100 m alt., humid 
zone, on wood, 7 Mar 2006, Aptroot 65190 A (CDS31774). Pinta Island, along the trail up to the summit, c. 1 km 
inland from the S-coast, 0°33’8"N, 90°44'29"W, 54 m alt., dry zone, on upper side of branches of Bursera graveolens, 
25 Feb 2007, Bungartz 5660 (CDS33295);, 0°33'31"N, 90°44'38"W, 107 m alt., dry zone, on trunk of Bursera 
graveolens, 25 Feb 2007, Bungartz 5678 (CDS33313); along the trail up to the summit from the S-coast, 0°33'22"N, 
90°44'34"W, 88 m alt., dry zone, on trunk of Bursera graveolens, 28 Feb 2007, Bungartz 6025 (CDS33704); at the 
S-coast, a little E of Cabo Chalmers, 0°33'2"N, 90°46'3"W, 10 m alt., dry zone, on trunk of Bursera graveolens, 1 Mar 
2007, Bungartz 6046 (CDS33725). Pinzon Island, along the trail going up from Playa Escondida, 0°36'10"S, 
90°40T'W, 254 m alt., dry zone, on twigs of Maytenus octogona, 16 Feb 2006, Bungartz 3621 (CDS27439). San 
Cristobal Island, Cerro Colorado summit, around the viewpoint, 0°54'54.89"S, 89°26'E5"W, 159 m alt., dry zone, 
on branches of Macraea laricifolia, 24 Aug 2008, Truong 1500 (CDS39811); Cerro Colorado, fenced off area., 
0°54'58.39"S, 89°26'4.70"W, 132 m alt., transition zone, on Zanthoxylum fagara, 15 May 2006, Jaramillo 2821 

(CDS38786); near Rosa Blanca, inland from the SE-coast of the island, 0°49'9"S, 89°21'48"W, 12 m alt., dry zone, 
on trunk of Bursera graveolens, 23 Apr 2007, Bungartz 6398 (CDS34613); crest of Cerro Tortuga, c. 4 km inland 
from the NW-coast, 0°44'54"S, 89°23'32"W, 116 m alt., dry zone, on trunk of Bursera graveolens, 25 Apr 2007, 
Bungartz 6523 (CDS34741); trail to Cerro Mundo from the border of the National Park, NE of Puerto Baquerizo 
Moreno, 0°53'33.39"S, 89°34'42.5"W, 157 m alt., transition zone, on N-exposed trunk of Bursera graveolens, 25 Aug 
2008, Bungartz 8672 (CDS41318). Santa Cruz Island, trail from parking lot to El Garrapatero beach, N-side of 
trail, 0°41'26.69"S, 90°13T9.10"W, 6 m alt., dry zone, on Bursera graveolens, 16 Jun 2010, Rivas Plata, E. 4008 

(CDS45065); along the road from Bellavista to El Garrapatero, at the boundary of the National Park, 0°40'14"S, 
90°15'58"W, 252 m alt., transition zone, on trunk of Bursera graveolens, 14 Feb 2006, Bungartz 3535 (CDS27334); 
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along the road from Bellavista to El Garrapatero, c. 3 km from the coast, 0°40'55"S, 90°13'46"W, 45 m alt., dry zone, 
on Bursern, 14 Feb 2006,Aptroot 63953 (CDS30511); along the trail from Puerto Ayora to Bahia Tortuga, 0°44'48"S, 
90°19'14"W, 28 m alt., dry zone, on trunk of Bursern graveolens, 5 Jan 2006, Bungartz 3326 (CDS26993), 3328 
(CDS26995); along the trail from Puerto Ayora to Bahia Tortuga, 0°44'52"S, 90°19'16"W, 31 m alt., dry zone, on 
trunk of Zanthoxylum fagara, 5 Jan 2006, Bungartz 3371 (CDS27038); exact locality unknown, ecological zone 
unknown, on Bursern, Hill s.n. (FH-TUCK197159); along trail to seismic station, 20 m alt., dry zone, on Bursera 
graveolens, 18 Apr 1976, Weber s.n. (CDS10840); El Garrapatero, about 20 km NE of Puerto Ayora, 0°41'30"S, 
90°13'39"W, m alt., dry zone, on trunks and branches, 14 Feb 2005, Tehler, A. 8645 (CDS40609); along trail to 
seismic station, 20 m alt., dry zone, on Bursera graveolens, 18 Apr 1976, Weber s.n. (QCA). Santa Fe Island, on top 
of lava flow at the N-coast of the island, 0°48'12.4"S, 90°2'34.5"W, 13 m alt., coastal zone, on upper side of inclined 
Bursera graveolens trunk, 25 Oct 2007, Bungartz 7201 (CDS37685), 7225 (CDS37709), 7175 (CDS37659), 7187 
(CDS37671), Ertz 11626 (CDS36952); cerca la playita y el barranco en la costa norte de la isla, 0°48'12.80"S, 
90°2'35.20"W, 26 m alt., zona seca, sobre corteza de Bursera graveolens, 25 Oct 2007, Nugra 460 (CDS37021). 
Santiago Island, c. 500 m S of Bucanero, near the canyon at the northeastern foothills of Cerro Cowan, 0°10'21"S, 
90°49'30"W, 70 m alt., dry zone, on branches of Bursera graveolens, 21 Mar 2006, Bungartz 4546 (CDS28632); c. 
500 m S of Bucanero, NE-rim of the canyon at the northeastern foothills of Cerro Cowan, 0°10'23"S, 90°49'30"W, 
68 m alt., dry zone, on Bursera, 21 Mar 2006, Aptroot 65343 (CDS31929); along the trail from the caseta in La 
Central to La Bomba (at the coast), halfway down to the coast, 0°12'54"S, 90°43'21"W, 293 m alt., dry zone,on 
trunk of Bursera graveolens, 25 Mar 2006, Bungartz 4901 (CDS29105), 4916 (CDS29120); small hill c. 1 km inland 
from the E-coast, at the same latitude as Isla Bartolome, 0°17'40"S, 90°35'10"W, 77 m alt., dry zone, on trunk of 
Bursera graveolens, 20 Jul 2006, Bungartz 5270 (CDS29486); along the trail from Bucanero to Jaboncillos, c. 3 km 
SE of Bucanero, 0°10'52"S, 90°48'33"W, 362 m alt., transition zone, on stem of Clerodendrum molle, 22 Mar 2006, 

Bungartz 4590 (CDS28677), 4639 (CDS28726); c. 5 km SE of Bucanero, 0°1119"S, 90°47'48"W, 562 m alt., transition 
zone, on trunk of Bursera graveolens, 22 Mar 2006, Bungartz 4652 (CDS28739); SE of James Bay, 0°16'45"S, 
90°50'0"W,40 m alt., dry zone, on Bursera, 26 Apr 1971, Pike 2565 (OSC101597), 1/4 mi S of James Bay, 0° MAC'S, 
90°51'30"W, 7 m alt., dry zone, on Bursera trunks, 25 Apr 1971, Pike 2542 (OSC101595); en el parte sureste de la 
isla, 0°17'46"S, 90°35'11.4"W, 63 m alt., zona seca, sobre Bursera graveolens, 20 Jul 2006, Nugra 109 (CDS32763); 15 
m alt., ecological zone unknown, on palo santo tree (Burseragraveolens), 23 Mar 1971, A. Higgins s.n. (FH197376); 
5-6 km NW of Bahia Sullivan, from Cerro Inn, 0°16'42"S, 90°37'26"W, 145 m alt., dry zone, on trunk of Bursera 
graveolens, 15 Jul 2005, W. Simbaha 547 (CDS32383). 

Pertusaria thioisidiata Yanez-Ayabaca, Bungartz, A.W.Archer & Elix, sp. nov. 

MycoBank No.: MB 814354 

Thallus isidiate, often fertile, superficially similar to P. subisidiosa, but containing thiophaninic acid. 

Type: ECUADOR. Galapagos: Isabela Island, Volcan Alcedo, outer SE-exposed slope, c. 100 m below the 
crater rim, 0°25'36"S, 91°5'12"W, 1146 m alt., humid zone, grassland disturbed by former grazing of goats, 
Pteridium arachnoideum and Stachytarpheta cayennensis, scattered low shrubs of Tournefortia rufo-sericea and 
outcrops of basalt tuff in between; on ±sunny, ±wind- and rain-sheltered rock, near the ground on E-exposed 
small basalt rock above a cliff, 6 Mar 2006, Bungartz 4140 (CDS28171, holotype). 

Figs 8c-f 

Thallus saxicolous, crustose, continuous to rimose or rimose-areolate; surface faint yellowish green to distinctly 
pale lemon-yellow, dull to ±shiny, smooth, epruinose, plane to trugose, soon densely covered by short, cylindrical, 
simple to barely branched isidia, c. 0.1-0.3 mm diam., c. 0.4-0.7 mm tall, apically often ±inflated and frequently 
containing a single pycnidium with one apical ostiole; medulla white or, in parts, pale lemon-yellow; margin not 
distinctly zonate, not delimited by a conspicuous prothallus. Apothecia verruciform, hemispherical to subglobose, 
I— 2.2(—2.5) mm diam., single or rarely fusing, ±constricted at the base, concolorous with the thallus, polycarpic, 
with (2-)4-6(-8) blackish, punctiform ostioles, not delimited by a distinct rim; thalline exciple dull greenish olive 
outside, hyaline inside, with few large crystals (persistent in K) and abundant minute crystals (dissolving in K, 
re-forming as yellowish clusters of needle shaped crystals; thiophaninic acid); epihymenium pale olive, K+ violet; 
proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium not inspersed, of 
branched and sparingly anastomosing hyphae, ±loosely intertwined around asci; asci cylindrical, (2-)4-spored; 
ascospores hyaline, oblong to broadly oblong or citriform, occasionally slightly asymmetric (±tear-shaped, with a 
more pointed and a more rounded end), (70-)76-102(-l 14) pm long, (23-)34-48(-59) pm wide (n = 39); spore 
wall 2-layered, outer wall 3-5 pm thick, with conspicuous microrugulate ornamentation, inner wall 4-7 pm wide, 
apically frequently thickened (‘trimmed'; up to 20 pm); pycnidia immersed at the tip of isidia, conidia acicular, 
II- 13 pm long, 0.5-1 pm wide (n = 20). 
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Fig. 8. a-b Pertusaria texana; a rimose areolate, gnarled thallus, in parts flaking off (Bungartz 7356, CDS37843, scale 

3 mm); b ascospores with microrugulate outer wall and smooth, apically trimmed inner wall (Bungartz 3326, CDS26993, 

scale 25 pm); c, d Pertusaria thioisidiata-, c abundantly isidiate thallus of P. thioisidiata var. thioisidiata (Bungartz 3981, 

CDS2791, scale 3 mm); d sparsely isidiate thallus with hemispherical to subglobose verruciform apothecia of. P. thioisidiata 

var. isidiogyrophorica (Bungartz 4793, CDS28925, holotype, scale 3 mm); e, f ascospores (Bungartz 4793, CDS28925, scale 

bars 40 pm); e ascospore with outer, ornamented spore wall; f ascospore with smooth, apically trimmed inner wall. 
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Etymology: Derived from the presence of both isidia and thiophaninic acid. 

Distribution and ecology: Endemic to the Galapagos, on ± sunny to shaded, ±wind- and rain-sheltered basalt 
outcrops and cliffs. 

Notes: This new species is superficially similar to P subisidiosa A.W.Archer, but the Galapagos species 
is saxicolous rather than corticolous and differs chemically. Two morphotypes of P. thioisidiata can be 
distinguished, one is very densely isidiate and lacks apothecia, the other one has sparse to moderately abundant 
isidia and often has verruciform apothecia. Both morphotypes can occur in two chemotypes, which are here 
distinguished as varieties: the typical and much more common variety is P. thioisidiata var. thioisidiata. It 
contains xanthones together with the stictic acid chemosyndrome while the less common variety P. thioisidiata 
var. isidiogyrophorica, contains the same suite of xanthones, but gyrophoric acid rather than stictic acid. Both 
always have isidia and can occasionally be fertile. 

Pertusaria thioisidiata var. thioisidiata 

Fig. 8c 

Chemistry: Cortex P-, K± weakly yellow, C+ orange, KC + orange; medulla P-, K± weakly yellow, C+ orange, 
KC + orange; UV+ orange; containing lichexanthone, 2-chlorolichexanthone, thiophaninic acid, 2-chloro-6- 
O-methylnorlichexanthone, 4-chloro-6-0-methylnorlichexanthone (trace), 2-O-methylisohyperlatolic (trace) 
and stictic acid (trace). 

Additional specimens examined: ECUADOR. Galapagos: Fernandina Island, W-side, 335 m alt., transition zone, 
15 Feb 1964, Cavagnaro, D. s.n. (C0L0193368; L-40462). Isabela Island, Volcan Alcedo, upper NNW-exposed 
slope inside the crater, 0°27'27"S, 91°7'23"W, 1055 m alt., humid zone, basalt, on rock, 5 Mar 2006, Aptroot 64889 
(CDS31466); outer SE-exposed slope, c. 100 m below the crater rim, 0°25'36"S, 9105'12"W, 1146 m alt., humid zone, 
on conglomerated basalt tuff partially covered by soil, 6 Mar 2006, Bungartz 4143 (CDS28174); Volcan Darwin, c. 
1.5 km from the southwestern crater rim, 0°12'20.5"S, 91°18'52.79"W, 1280 m alt., high altitude dry zone, on exposed 
rock, 14 Nov 2007, Ertz 11891 (CDS37250); southwestern slope, above Tagus Cove, 0°13'11.4"S, 91019'14.1"W, 955 m 
alt., transition zone, on SE-exposed front of basalt outcrop, 14 Nov 2007, Bungartz 7619 (CDS38121); 0°13'27.60"S, 
91°19'21.19"W, 860 m alt., transition zone, top of basalt boulder, 15 Nov 2007, Bungartz 7715 (CDS38217). Santa 

Cruz Island, along the road from Bellavista to Los Gemelos, 0°38'12"S, 90°23'46"W, 574 m alt., humid zone, on 
lava rock, 12 Feb 2006, Aptroot 63925 (CDS30481); on the North side of the island, along the dirt road to the ash 
quarry Mina Granillo Rojo, 0°36'56"S, 90°22'3"W, 570 m alt., transition zone, on lava rock, 23 Feb 2006, Aptroot 64551 
(CDS31123); on the summit of El Puntudo and on adjacent E-slope, 0°38'42"S, 90°20'14"W, 780 m alt., humid zone, 
on exposed basalt boulders at the top of Puntudo, 28 Feb 2006, Bungartz 3981 (CDS27911); near Puntudo, 0°38'41"S, 
90°20'13"W, 750 m alt., humid zone, on lava rock, 27 May 2005, Aptroot 63171 (CDS29902). Santiago Island, summit 
of Cerro Gavilan, inner N- and NE-exposed crater rim, 0°12'20"S, 90°47'3"W, 840 m alt., humid zone, on lava rock, 23 
Mar 2006, Aptroot 65694 (CDS32286); 4 km E of eastern summit, 0o13'15"S, 90°44'30"W, 645 m alt., transition zone, 
on rock, 6 May 1971, Pike 2774 (OSC101522). 

Pertusaria thioisidiata var. isidiogyrophorica Yanez-Ayabaca, Bungartz, A.W.Archer & Elix, var. nov. 

MycoBank No.: MB 814355 

Differs from Pertusaria thioisidiata var. thioisidiata by containing gyrophoric acid rather than stictic acid. 

Type: ECUADOR. Galapagos: Santiago Island, summit of Cerro Gavilan, inner N- and NE-exposed crater 
rim, 0°12'20”S, 90°47'3”W, 840 m alt.; humid zone, N- and NE-exposed, steep basalt cliffs of crater rim with ferns 
(Pityrograma calomelanos var. calomelanos. Polypodium tridens, Doryopteris palmata, Adiantum concinnum, 
Blechnum polypodioides) growing in crevices; on rock below E-exposed overhang (95° inclined) of basalt cliff; 
shaded, wind- and rain-sheltered; 23 Mar 2006, Bungartz 4793 (CDS28925, holotype). 

Figs 8d-f 

Chemistry: Cortex P-, K± sordid yellow, C+ orange, KC+ orange; medulla P-, K+ yellow, C± faintly red (attention: easily 
masked by C+ orange cortex reaction), KC+ faintly red (often masked by C+ orange cortex reaction); UV + orange; 
containing 2-chlorolichexanthone, thiophaninic acid, 2-chloro-6-0-methylnorlichexanthone, gyrophoric acid. 

Etymology: Named for its isidia and distinctive chemistry. 

Additional specimens examined: ECUADOR. Galapagos: Santiago Island, summit of Cerro Gavilan, in crater near 
La Central, 0°14'7"S, 90°44'57"W, 725 m alt., humid zone, on lava rock, 25 Mar 2006, Aptroot 65571 (CDS32159); 2.8 
km E of the eastern peak, 0°13'20"S, 90°45'0"W, 740 m alt., humid zone, on rock, 6 May 1971, Pike 2767 (OSC101521). 
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Fig. 9. a-g Pertusaria thiospoda; a, b recent Galapagos specimen, poorly developed (Bungartz 9620, CDS46899); a yellowish 

thallus with verruciform apothecia (scale 5 mm); b close-up of verruciform apothecia with initially greyish punctiform 

ostioles that dilate with age (scale 2 mm); c historic Galapagos specimen, well developed (Stewart 8470, FH00377356, 

neotype of P. bispora; scale 4 mm); d cross section of two closely grouped, almost fused apothecia (Bungartz 9620, 

CDS46899; scale 200 pm); e ascus with two ascospores (Howell 46, FH00471017; scale 40 pm); f ascospore with distinctly 

grooved and apically trimmed inner wall (Archer P779, herb. Bungartz; scale 30 pm); g ascospore with net-like spore 

ornamentation (Stewart 8470, FH00377356, neotype of P. bispora; scale 20 pm). 
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Pertusaria thiospoda C.Knight, Transactions of the Linnean Society of London, Botany 2: 47 (1882) 

Pertusaria bispora Farlow ex Linder, Proceedings of the California Academy of Sciences ser. 4,21: 213 (1934) 

Type: ECUADOR. Galapagos: Genovesa Island [= Tower Island; exact locality unknown; the entire island 
characterized by dry zone vegetation], 14 Sep 1905, Stewart 8407 (FH00377356, selected here as neotype of P bispora). 

Taxonomic Note: Linder (1934) selected a specimen of P. bispora collected during the Templeton Crocker 
Expedition of the Californian Academy of Sciences and deposited in FH as the holotype (p. 214: “...Tower 
Island, on trunks and branches of Bursera graveolens, Alban Stewart, 153, type, in the Farlow Herbarium...”). 
He also cited an isotype specimen from CAS (ibid.: “...cotype in the Herbarium of the California Academy 
of Sciences, No. 119734...”). Neither specimens could be located. We consequently select another specimen 
at FH, also collected by A. Stewart but with a different specimen number (Stewart 8407; FH00377356) as 
the neotype. Also mentioned in the protologue is a collection by J.T. Howell [ibnd.: “...Revillagigedo Islands: 
Socorro Island, March 27, 1932 (17)...”]. This specimen with collector number 17 could not be found. Instead 

two specimens deposited in FH, and apparently collected by Howell on Socorro Island during the Templeton 
Crocker Expedition were identified as P. bispora by Linder on 27 Mar 1932; both specimens are labelled with 
collector number 46 (Howell 46, FH00471017 and FH00471018). 

Figs 9a-g 

Thallus corticolous, crustose, continuous to rimose or rimose-areolate; surface yellowish white to greenish 
yellow, pale or deep lemon-yellow, dull to tshiny, smooth, epruinose, plane and even or Lverrucose to 
gnarled, rarely flaking off in scales, lacking soredia or isidia; medulla white; margin not distinctly zonate, 
delimited by an indistinct whitish prothallus. Apothecia verruciform, wart-shaped to hemispherical, rarely 
becoming subglobose, 0.5-1 (-1.2) mm diam., single or rarely fusing, not or slightly constricted at the base, 

apically conical, rarely tflattened, concolorous with the thallus, mono- to polycarpic, with 1-3(-5) hyaline 
to dull grey, punctiform to distinctly dilating ostioles, not delimited by a thin rim, deeper in colour than the 
surrounding apothecial verrucae, not emerging as small papillae on top of the apothecial verrucae; thalline 
exciple dull brown outside, hyaline inside, with few large crystals (persistent in K) and abundant minute 
crystals (dissolving in K, re-forming as yellowish clusters of needle-shaped crystals; thiophaninic acid), cortex 
lacking crystals; epihymenium pale olive, K-; proper exciple and hypothecium hyaline to pale yellowish, not 
inspersed with crystals; hymenium not inspersed, of branched and sparingly anastomosing hyphae, ±loosely 
intertwined around asci; asci cylindrical, (1- or)2-spored; ascospores hyaline, broadly ellipsoid to ±citriform, 
(87-)88-115(-130) pm long, (19-)35-39(-40) pm wide {n = 20); spore wall 2-layered, outer wall 3-5 pm 
thick, with conspicuous microrugulate ornamentation, inner wall 3-5 pm wide, initially not ornamented, but 
finely to strongly incised with age (forming a net-like ornamentation), only mature spores distinctly thickened 
apically (to 12 pm);pycnidia not seen. 

Chemistry: Cortex P-, K-, C+ orange, KC+ orange; medulla P-, K± pale yellow (reaction, if present, often 
confined to parts of the lower medulla; most pronounced along the inner apothecial wall), C-, KC-; UV+ bright 
orange; containing thiophaninic acid (major), stictic acid (major), menegazziaic acid (trace), cryptostictic acid 
(trace), constictic acid (trace) [specimen examined, Bungartz 9620 (CDS46899)]. 

Distribution and ecology: In the Galapagos this species is only known from two collections in dry open 
Bursera woodland, one from Genovesa (the type of P bispora), and a second from Floreana (the only specimen 
collected recently). Weber (1986) cited records from Santiago and Santa Cruz, but all of his collections belong 
to be other species with similar, yellowish thalli (see notes below). The protologue of P. bispora also mentions 
a collection from Soccoro (Revillagigedo Islands, off the south coast of Baja California Sur, Mexico); a record 
confirmed here. Pertusaria thiospoda clearly has its centre of distribution in the western Pacific, where it is 
common and widely distributed in coastal Australia (including the Northern Territory), Lord Howe Island, 
Norfolk Island, and Vanuatu. Only one record is known as far east as the Cook Islands (Archer and Elix 2015). 
Reports of P. straminella Malme [syn. P. megapotamica H. Magn.] from South America most likely belong to this 
taxon, but there the species is reported to occur further inland. The records from Galapagos and Revillagigedo 
are clearly unexpected and the fact that here the species appears to be very rare may indicate that it has reached 
the limit of its distribution in these islands. 

Notes: A unique combination of characters distinguish P. thiospoda from other corticolous species of 
Pertusaria present in Galapagos with a yellowish thallus. Thus the thalli do not give a distinctive reaction 
with K (only parts of the lower medulla and the inner apothecial wall are K+ pale yellow), the verruciform 
apothecia have a hyaline ostiole that dilate with age, and the asci contain only one, rarely two, thick-walled 
spores. In the protologue of P. bispora Linder (1934) describes these diagnostic traits as follows, P. 213: “...In 
contrast with P. leioplaca, which produces from four to eight spores in an ascus, and of which the thallus, according 
to Hasse reacts positively to KOH, changing to yellow and then to pale violet, this species produces two spores, or 
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occasionally one, in an ascus and gives but a faint yellowish reaction with KOH.and: Fig. 1, upper middle: “...a 
mature ascospore with definitely thickened lateral walls. A). 

Linder (1934) thus emphasized the weak K reaction in combination with one or two, thick-walled ascospores. 
His drawing of an ascus with two spores (Fig. 1 P. 213: “...on the left..”) almost perfectly matches a similar 
one by Knight (1882, Plate IX no. 34) of P. thiospoda. Both drawings suggest that the spores are not apically 
thickened but have a conspicuously thickened inner spore wall, which is not distinctly ornamented. Archer 
(2004, P. 164) describes the ascospores of P. thiospoda as “smooth”. However, re-examining specimens of 
P. thiospoda collected in Australia and comparing them with the neotype of P. bispora revealed that both have 
ascospores that are only smooth initially. With increasing maturity the outer part of their inner wall becomes 
faintly incised whereas mature to over mature ascospores are not only apically thickened, but the inner walls 
are distinctly ornamented! In the light microscope this ornamentation is best seen with Normanski contrast 

(differential interference contrast); it is easily overlooked when only young spores are examined. 

The incisions on the outside of the inner wall, unlike deeper, more distinct grooves described above for other 
species, are not spirally twisted around the ascospores. Instead they form an irregular, net-like ornamentation. 
This net of incisions is best seen in mature or even over mature spores 

Thalli of the Australian collections of P. thiospoda are paler and less distinctly yellowish than the Galapagos 
specimens, but nevertheless share the same chemistry, morphology, dilated ostioles, anatomy, number of 
acospores and spore ontogeny. Consequently we consider the two taxa to be conspecific (for superficially 
similar species see the discussion of P. endochroma and P. xanthodes). 

Weber (1986) considered it possible that all of the yellowish Pertusarias in the Galapagos belong to one or 
several, widely distributed species. On re-examining the historic collections from FH, OSC and COLO, we 
established that the corticolous specimens were either P. texana or P. endochroma, and the saxicolous specimens, 
P. thioisidiata or P. tejocotensis, respectively. This left only the type and the specimen from Floreana cited below 
as confirmed Galapagos records for P. thiospoda. Thus P. thiospoda must be exceedingly rare in the archipelago, 
as it apparently was when Weber surveyed these islands. 

Additional specimens examined: ECUADOR. Galapagos: Floreana Island, trail going to Post Office Bay off 
the dirt road between highlands and Puerto Velasco Ibarra, 1°15'42.3"S, 90°26'31"W, 197 m alt., dry zone, open 
forest of Bursera graveolens and some Prosopis juliflora on W-exposed slope, dry herbaceous vegetation and 
small boulder field, on bark of S-exposed trunk of Bursera graveolens, 14 Jan 2011, Bungartz 9620 (CDS46899). 

Non-Galapagos material examined for comparison: MEXICO. Revillagigedo Islands: Soccoro Island 
(exact locality and collection date unknown), Howell 46 (FH00471017, FH00471018). AUSTRALIA. New 

South Wales: Central: Hawkesbury River, c. 47 kmN of Sydney, 33°27'S, 151°08'E, near the coast, on Avicennia 
marina, 11 May 1991, Archer PI 62 (herb. Bungartz); Myall River, Hawks Nest c. 30 km S of Buladelah, 32°44'S, 
152°09'E, near the coast, on Avicennia, 15 Sep 1992, Archer P366 (herb. Bungartz); Kattang Nature Reserve, 
near Perpendicular Point, 31°39'S, 152°51'E, near the coast, on dead branch, 12 Oct 1993, Archer P601 (herb. 

Bungartz); track to Resolute Beach, c. 25 km N of Sydney, 33°35'S, 151°18'30"E, near the coast, on Banksia, 
16 Dec 1995, Archer P779 (herb. Bungartz). 

Pertusaria xanthodes Miill.Arg., Flora 67: 286 (1884) 

Figs lOa-b 

Thallus corticolous, crustose, continuous to rimose; surface pale greyish white to deep lemon-yellow, dull to ±shiny, 
smooth, epruinose, lacking soredia and isidia, but often completely covered by densely adjoining, verruciform 
apothecia; medulla white; margin not distinctly zonate, not delimited by a distinct prothallus. Apothecia verruciform, 
hemispherical to subglobose, 0.7-1 (-1.2) mm diam., single or rarely fusing, distinctly constricted at the base, 
concolorous with the thallus, (mono- to) polycarpic, with (l-)2-3(-4) punctiform ostioles, concolorous with the 
verruca surface and almost completely indistinct; thalline exciple hyaline, with few large crystals (persistent in K) and 
abundant minute crystals (dissolving in K into a yellow solution, ?stictic acid), cortex lacking crystals; epihymenium 
pale, K-; proper exciple and hypothecium hyaline to pale yellowish, not inspersed with crystals; hymenium not 
inspersed, of branched and sparingly anastomosing hyphae, tloosely intertwined around asci; asci cylindrical, 
2(-4)-spored; ascospores hyaline, oblong to ellipsoid, (74-)82-104(-107) pm long, (29-)34-47(-49) pm wide (n = 
13); spore wall 2-layered, outer wall 2-4(-5) pm thick, smooth to faintly ornamented, inner wall 3-4(-5) pm wide, at 
maturity tspirally grooved along its outside, ±thickened apically (to 8 pm); pycnidia not seen. 

Chemistry: Cortex P-, K-, C+ orange, KC+ orange; medulla P+ orange, K+ yellow, C-, KC-; UV + orange; containing 
thiophaninic acid, 4-chloro-6-0-methylnorlichexanthone (weak trace), 2-chloro-6-0-methylnorlichexanthone 
(weak trace), stictic acid, cryptostictic acid and constictic acid, ± various UV + blue spots derived from the substrate. 
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Distribution and ecology: New to South America, previously known from North America and Bermuda 
(Lumbsch and Nash 2001); in the Galapagos only known from a single specimen collected on bark of Bur sera 
graveolens in the dry zone of Santa Fe. 

Notes: There are only three species of Pertusaria in the Galapagos that have ascospores with an inner spore wall 
that is distinctly grooved along its outer side, namely P. tetrathalamia, P. xanthodes, and P. thiospoda. Pertusaria 
tetrathalamia lacks thiophaninic acid and has a whitish to pale beige but never a distinctly yellow thallus. The 
single Galapagos specimen of P. xanthodes is conspicuously deep yellow. It could be mistaken for P. texana, but the 
ostioles are colourless and very inconspicuous, almost‘invisible' on top of the flattened hemispherical to subglobose 
verrucae. In contrast, P. texana has ostioles that are often grey to dark grey and usually distinctly delimited by a 
conspicuous deep yellow rim, a rim which is often elevated, giving the ostiole a papillate appearance. The chemistry 
of P. xanthodes is very similar to that of P. thiospoda, but the medulla of the latter only reacts with K in part (see 

above under P thiospoda). Further, the thalli of P. xanthodes and P. thiospoda are dissimilar, the upper surface being 
shiny and smooth in P xanthodes but becoming verrucose-rugose in P thiospoda. In P. thiospoda the pale ostiole 
typically dilates with age but the hyaline, barely visible ostioles of P. xanthodes do not dilate. Pertusaria thiospoda 
usually produces two, rarely one ascospore(s) whereas P. xanthodes produces two or rarely four ascospores per 
ascus. On average the ascospores of P. xanthodes are slightly shorter and broader than those of P. thiospoda. The 
ornamentation of the spores in P. xanthodes develop rapidly, forming deep ±spirally arranged grooves around the 
outside of the inner spore wall (similar to that of P. tetrathalamia). In P. thiospoda the inner spore wall remains fairly 
smooth until with age they become finely incised along the outside, with the incisions forming a net-like pattern. 

Specimens examined: ECUADOR. Galapagos: Santa Fe Island, dry zone, on Bursera graveolens, 25 Oct 
2007, Jonitz28 (CDS44626). 

Pertusaria xanthoisidiata A.W.Archer, Bungartz & Elix, sp. nov. 

MycoBank No.: MB 814356 

Thallus corticolous, coarsely isidiate, containing dichloro- and trichloroxanthones, stictic acid and related 
metabolites. 

Type: ECUADOR. Galapagos: Pinta Island, along the trail up to the summit from the S-coast, 0°34’31"N, 
90°45'6"W, 388 m alt., transition zone, open woodland of Zanthoxylum fagara, and few Trema micrantha and 
Pisonia floribunda with understory of Cissampelos pareira, Alternanthera filifolia and Justicia galapagana; 
on SE-exposed, sunny, wind- and rain-exposed trunk of Opuntia galapageia, 27 Feb 2007, Bungartz 5837 
(CDS33512, holotype). 

Figs lOc-d 

Thallus corticolous, crustose, continuous to rimose; surface pale yellowish green, dull to ±shiny, smooth, 
epruinose, plane, soon densely covered by short, coarse, granulose to short dactyliform, simple or sparsely 
branched isidia, c. 0.1-0.16 mm diam., c. 0.15-0.7 mm tall; medulla white throughout; margin not or rarely 
Tconcentrically zonate, delimited by a blackish brown, compact prothallus. Apothecia and pycnidia not seen. 

Chemistry: Cortex: P-, K-, C+ orange, KC+ orange; medulla P+ deep orange, K+ yellow, C-, KC-, UV± dull 
orange; containing 2,5-dichlorolichexanthone, 2,4-dichlorolichexanthone 2,4,5-trichlorolichexanthone, 
6-O-methylarthothelin, arthothelin (trace), stictic acid, cryptostictic acid, constictic acid. 

Etymology: The name derives from the yellow isidia present in this species. 

Distribution and ecology: Endemic to the Galapagos; found throughout the transition zone, in dry, open 
Zanthoxylon scrub and in woodlands of Manzanillo (Hippomane mancinella) along dry ephemeral streambeds. 

Notes: The only other isidiate Pertusaria species present in the Galapagos is P. thioisidiata, but that species is 
saxicolous, contains thiophanic acid, has a medulla that is pigmented pale lemon-yellow at least in part and 
bears sparsely branched, cylindrical isidia which sometimes develop apical pycnidia. 

Pertusaria xanthoisidiata could be confused with sterile material of Caloplaca wrightii (Willey) Fink, but this 
species has a poorly developed, effuse, pale creamy white, indistinct thallus that often remains almost entirely 
immersed in its substrate, causing a whitish, effuse, discoloration. By contrast, thalli of P. xanthoisidiata are smooth, 
distinctly corticate, well developed on the surface of the substrate and typically clearly delimited. The two species 
also differ in the formation of isidia. Pertusaria xanthoisidiata has much stouter, coarse, distinctly corticate isidia 
that are sometimes ±eroded at their tip. Caloplaca wrightii has smaller, finer, granular, waxy isidia that do not erode, 
but break-off entirely. Due to the presence of lichexanthone, thalli of C. wrightii fluoresce UV+ deep to bright 
yellow-orange, whereas those of P. xanthoisidiata are UV± dull orange and barely show any distinct fluorescence. 
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Fig. 10. a-b Pertusaria xanthodes (Jonitz28, CDS44626); a thallus with abundant, closely adjoining, verruciform apothecia 

with indistinct, colourless ostioles (scale 3 mm); b ascospore with faintly ornamented outer spore wall (scale 20 pm); 

c, d Pertusaria xanthoisidiata (scale 3 mm); c rimose-areolate, verrucose to sparsely isidiate thallus margin, delimited by 

±zonate, blackish brown prothallus (Bungartz 8660, CDS41306); d densely isidiate thallus centre, isidia in parts eroded 

(.Bungartz 8657, CDS41303); e-f Pertusaria xantholeucoides var. thamnolica (scale 3 mm); e thallus thin, radiating, 

discontinuous along the margin, granular-verrucose to almost plicate, developing soredia in the centre (Bungartz 4755, 

CDS28887, holotype); f close-up of soralia with blastidiate granular soredia (Bungartz 7425, CDS37912). 
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Additional specimens examined: ECUADOR. Galapagos: San Cristobal Island, sector of the “Gotera 
de agua”, trail to Cerro Pelado, 0°51'34.60"S, 89°27'35.20"W, 389 m alt., transition zone, on trunk of Bursera 
graveolens, 23 Aug 2008, Truong 1510 (CDS39821); on trunk of Hippomane mancinella, 23 Aug 2008, Clerc 
08-311 (CDS40165); Herrera-Camp os GAL-485 (CDS43376); trail to Cerro Mundo, passing by the “canadas”, 
0°53'32.20"S, 89°34'40.5"W, 212 m alt., transition zone, on Hippomane mancinella, 25 Aug 2008, Herrera- 
Campos GAL-495 (CDS43386); trail from Cerro Pelado to El Ripioso, 0°51'35.29"S, 89°27'37.89"W, 384 m alt., 
transition zone, top of inclined Psidium guajava branch, 23 Aug 2008, Bungartz 8528 (CDS41174); trail to 
Cerro Mundo from the border of the National Park, NE of Puerto Baquerizo Moreno, 0°53'36"S, 89°34'41.5"W, 
206 m alt., transition zone, on top of Hippomane mancinella branch, 25 Aug 2008, Bungartz 8660 (CDS41306); 
0°53'33.39"S, 89°34'42.5"W, 157 m alt., transition zone, on N-exposed lower trunk of Hippomane mancinella, 25 
Aug 2008, Bungartz 8657 (CDS41303). Santiago Island, Guayabillos nuevo abierto, 0°14'0"S, 90°43'52"W, 625 
m alt., transition zone, on wood, 25 Mar 2006, Aptroot 65590 (CDS32179). 

Pertusaria xantholeucoides Miill.Arg. var. thamnolica Bungartz & Yanez-Ayabaca, var. nov. 

MycoBank No.: MB 814357 

Differs from Pertusaria xantholeucoides var. xantholeucoides by containing thamnolic acid rather than 
haemathamnolic acid. 

Type: ECUADOR. Galapagos: Santiago Island, summit of Cerro Gavilan, inner N- and NE-exposed crater 
rim, 0°12'20"S, 90°47'3"W, 840 m alt., humid zone, on SW-exposed front of basalt cliff, 23 Mar 2006, Bungartz 
4755 (CDS28887, holotype). 

Figs lOe-f 

Thallus saxicolous, crustose, areolate; surface vivid white to pale whitish to lead grey, rarely ±pinkish beige, 
±dull, smooth, epruinose to pruinose, coarsely wrinkled granular (±plicate to granular-verrucose), individual 
areoles first developing isolated upon a thin, arachnoid, radiating prothallus; soralia 0.3-0.8(-l) mm diam., 
concolorous with the thallus or, more commonly, vivid white, sometimes with a pale pinkish tinge, sparse to 
abundant, mostly single and dispersed, very rarely tconfluent, when crowded, strongly convex, hemispherical 
to subglobose, eventually apically tflattened, circular in outline, distinctly pustulate, i.e., forming from verrucae 
that break open apically to release coarse, corticate granules that transition into ±pseudocorticate blastidia and 
compact, ecorticate soredia; medulla white; margin not distinctly zonate, the individual, isolated areoles arising 
from a thin, radiating, arachnoid prothallus. Apothecia unknown, most likely sorediate, i.e., a hymenial layer 
forming within the soralia below the soredia, but asci and ascospores not observed. Pycnidia not seen. 

Chemistry: Cortex P+ orange, K+ bright lemon-yellow, C- , KC-; medulla P+ orange, K+ bright lemon yellow, 
C-, KC-; soralia P+ orange, K+ bright lemon yellow, C+ yellow, KC+ yellow; UV+ deep orange; containing 
lichexanthone, 2-O-methylisohyperlatolic acid (trace), decarboxythamnolic acid, thamnolic acid, constictic acid. 

Etymology: This variety is named for its distinctive chemistry. 

Distribution and ecology: This new taxon appears endemic to Galapagos, where it occurs from the 
transition zone into the lower humid zone, on sunny, wind- and rain-exposed boulders and cliffs. By contast, 
P. xantholeucoides var. xantholeucoides is known from Brazil, the Philippines (= P. coccopoda Vain.), and North 
America (= P. moreliensis B. de Lesd. (Archer and Elix 2011). 

Notes: Morphologically specimens of P. xantholeucoides var. thamnolica closely resemble those of var. 
xantholeucoides, but they consistently contain thamnolic acid rather than haemathamnolic acid. This taxon 

also appears closely related to P. leucosorodes and P. commutata because of their structurally similar soralia and 
chemistry. The saxicolous thalli of P. xantholeucoides are, however, distinct insofar as they are not rimose, but 
distinctly areolate. Initially individual areoles develop on a thin, arachnoid, radiating prothallus and only later 
do they merge to form a more contiguous thallus. In contrast, the thalli of the corticolous species begin as a 
contiguous crust that subsequently develops fissures, i.e., the thallus becomes rimose, the fissures then spread 
and fuse to form the rimose-areolate crust. 

Specimens examined: ECUADOR. Galapagos: Isla Floreana, trail going to Post Office Bay off the dirt road 
between highlands and Puerto Velasco Ibarra, cliff at NE-side of trail (Mirador), 1°17'4.29"S, 90°26'36.60"W, 
365 m alt., transition zone, on S-exposed slope of basalt cliff, 25 Jan 2011, Bungartz 10222 (CDS47641). 
Isabela Island, Volcan Darwin, southwestern slope, above Tagus Cove, 0°13'43.29"S, 91°19'47.29"W, 724 m 
alt., transition zone, on SW-exposed front of lava flow, 12 Nov 2007, Bungartz 7425 (CDS37912); Ertz 11786 
(CDS37145); southwestern slope, above Tagus Cove, 0°13'27"S, 91°19T9.5"W, 874 m alt., transition zone, on 
top of lava flow, 15 Nov 2007, Bungartz 7719 (CDS38223), 7725 (CDS38229); Volcan Cerro Azul, outer, lower, 
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densely vegetated slopes of the crater rim, 0°57'9.19"S, 91°24'26.39"W, 1542 m alt., high altitude transition zone, 
rock inside encanada, sunny, on top and slope of basaltic rock, 6 May 2012, Spielmann 10535 (CDS51892). San 

Cristobal Island, Cerro Partido along trail from entrance to Cerro Pelado to El Ripioso, 0°51'23"S, 89°27'37"W, 
376 m alt., transition zone, on S-exposed top of ledge of basalt boulder, 28 Apr 2007, Bungartz 6594 (CDS34814). 

Coccotrema colobinum excluded from the Galapagos 

Coccotrema colobinum (Tuck.) Messuti, Flora criptogamica de tierra delfuego. 13 (Fasc. 13): 20 (2002) 

Pertusaria colobina Tuck., Proceedings of the American Academy of Arts and Sciences 12: 175 (1877) 

Type: locality unknown! [most likely CHILE, almost certainly not Galapagos; collected during the Hassler 
Expedition in 1872 to Chile and Galapagos; probably erroneously labelled, see below],Hz7/s.n. (FH-TUCK2223, 
FH00060331, lectotype selected by Messuti, in Messuti and Vobis 2002). 

Figs lla-c 

The type specimen of Pertusaria colobina Tuck., was transferred by Messuti and Vobis (2002) and again by 
Messuti (2003) into Coccotrema colobinum (Tuck.) Messuti. It was collected by Reverend T. Hill during the 
Hassler Expedition to Chile and the Galapagos in 1872. The packet with the type material (FH00060331) 
contains five separate pieces of bark, the first three pieces on the left are labelled in black ink by the original 
collector T. Hill as “Galapagos”. The second two pieces are labelled as “Sholl Bay nr. W. entr. of Straits of Magellan”, 
also in Hill's handwriting. Four of these five pieces were subsequently marked in pencil as “a, b, c, and d”. It is 
not certain, who pencilled in these letters, but the handwriting appears identical to the letters on the annotation 
slips added by R. Santesson, 1955. Santesson annotated specimen cb' as “Most probably fr. Str. of Magellan: 

Leptolichen coccophorus (Mont.) Trevis.” and specimen V andcd as “Coccotrema granulata (Hook. f. & Tayl.) 
R. Sant.”, a combination that he presumably intended to publish based on Porina granulata Hook. f. & Taylor 
nom. illegit. He did not, however, annotate specimen V. 

Messuti and Vobis (2002) and again Messuti (2003) suggested that only the two pieces of bark in the packet 
labelled ‘a belong to the holotype and were actually collected in the Galapagos Islands. However, it is almost 
certain that all pieces in this packet were collected at the same locality, in Sholl Bay (= Scholl Bay) near the 
Straits of Magellan, even though the three pieces of bark on the left (specimen ‘a and ‘b') have been annotated 
by T. Hill as having been collected in the Galapagos. Weber (1986, P. 490) previously suggested this to be 
the case, citing the Santesson annotation, while Elix and McCarthy (1998) also listed P. colobina as doubtful 
following Weber's assessment. 

Recently Alan Fryday (pers. comm.) re-examined the material and agreed that the C. colobinum thalli growing 
on the two pieces of bark labelled as La3 almost certainly belong to the same species as thalli on the piece 
labelled Lb\ In fact one minute piece of this species appears broken through the middle of its thallus with one 
part on the bark fragment ‘a’ immediately glued next to specimen fragment Lb\ 

Three other species grow on the same piece of bark labelled ‘b’ next to the thalli of C. colobinum: (1) the brownish 
pink apothecia of Lecanora sp., (2) the minute, subfruticose, coralloid white thallus of C. coccophorum, and (3) 
an unidentified Hypogymnia sp. Lecanora sp. grows on both pieces of bark labelled ‘a’ and 'b\ The coralloid 
thallus of C. coccophorum and the unidentified Hypogymnia sp. are only found on specimen ‘b\ No species of 
Hypogymnia has ever been reported from the archipelago! The record of C. coccophorum would also be new to 
the islands. Among the more than 15,000 specimens deposited in CDS and all the other Galapagos collections 
examined (CAS, FH, COLO, OSC) not a single specimen was ever identified as Hypogymnia and no Galapagos 
specimen that we know of resembles the very distinct, coralloid thallus of C. coccophorum. 

Species of Coccotrema (like those of Hypogymnia) typically inhabit cool-temperate regions, and if present in 
the tropics, such species would very likely be restricted to high altitudes, for example in the Andes. Messuti 
and Vobis (2002) and Messuti (2003) actually cite two specimens of C. colobina collected by Imshaug and 
Ohlsson (MSC 43340, MSC 44816) on Nothofagus from the Chilean coast. It therefore seems almost certain 
that the type of C. colobinum, like several other specimens collected by Reverend T. Hill during the Hassler 
Expedition, was mislabelled, such that C. colobinum never did occur in the Galapagos Islands. The record 
is here removed from the Galapagos checklist as it was based on an erroneously labelled specimen that is, 
unfortunately, the type of this species. Messuti and Vobis (2002) and Messuti (2003) considered this material a 
holotype, but because there are clearly several specimens inside the packet, their choice of specimen must 
effectively be considered a lectotypification. 
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rteterm. ROLF SAIMTESSON jbCV 

dalerm. ROLF SANTESSON 

Alan M. Fry day 
Michigan State University Herbarium 

Fig. 11. a-c collection of Coccotrema colobinum type material with several other species [(Hill s.n., FH-TUCK2223 a, b, c, d, 

FH00060331, specimen “a” refers to the lectotype selected by Messuti and Vobis (2002) and Messuti (2003) (scale 5 cm); 

a overview of the material collected by Reverend T. Hill, on the left side three pieces of bark labelled “a” and “b”, on the 

right two pieces labelled “c” and “d”; b specimen detail of the three left pieces with handwritten note by T. Hill “Galapagos” 

written below (scale 1.5 cm); c specimen detail of piece “b” on the right, closely adjoining the lower piece of “a” on the left, 

in the centre a thallus of C. colobinum extending across both pieces (encircled), additionally thalli of Hypogymnia sp. (H.) 

and C. coccophorum (C.) on piece “b” and thalli of Lecanora sp. (L.) on both sides (scale 3 mm). 

Discussion 

In the present study we found a total of 24 species of Pertusaria in the Galapagos Islands, 22 of which are 
new to the archipelago. As in other recent revisions of Galapagos lichens the diversity was much greater than 
reported previously (Aptroot and Bungartz 2007, Aptroot and Sparrius 2009, Aptroot et al. 2008, Bungartz 
2008, Bungartz et al 2008, 2010, Ertz et al. 2011, Truong et al. 2011, Yanez-Ayabaca et al. 2011, Bungartz et 
al. 2013, Knudsen and Bungartz 2013, 2014, Lucking et al. 2013). As a consequence, lichens must now be 
considered among the most diverse organisms of Galapagos terrestrial biodiversity. 

Previous inventories clearly did not capture this diversity, Elix and McCarthy (1998) summarized lists published 
by Weber (Weber 1966, 1986, 1993, Weber et al. 1977, Weber and Gradstein 1984) and recorded 228 species 

with 5 varieties for the archipelago. In contrast, the current CDF Galapagos Species Checklist (Bungartz et al. 
2011) lists a total of 579 accepted taxa. 
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One challenge for the Galapagos lichen inventory is to determine how many lichen species are unique to this 
archipelago. The risk that lichens have been intentionally or accidentally introduced to the islands is very low, 
so most species can be considered native. However, whether they are endemic is more difficult to determine. 

Yanez-Ayabaca et al. (2013) discussed the degree of endemism in Galapagos lichens and concluded that rates 
vary considerably within different species groups. For example 80% of all Roccella species in the Galapagos 
are endemic (Tehler et al. 2009) but only one species (3%) of Cladonia (Ahti 2000), although the taxonomy 
of three additional species remains poorly resolved (Yanez-Ayabaca et al. 2013). Among leprose and leproid 
lichens, Bungartz et al. (2013) also report very low rates of endemism. Yanez-Ayabaca et al. (2013) consequently 
assumed that the general rate of 8-10% endemism across all species groups as first proposed by Weber (1986), 
would not change significantly as a result of more recent investigations. 

However, the genus Pertusaria exhibits a high degree of endemism throughout its distribution. Approximately 45% 
of Australian taxa are endemic (Archer 2004), 50% of New Zealand (Galloway 2007) and of all North American 
species (Dibben 1980), while in temperate North America approximately 75% of the species are endemic to the 
continent. By comparison, the degree of endemism in Galapagos Pertusaria could range from 30% up to 46% 
(if the Galapagos varieties of widely distributed species, i.e. P. xantholeucoides var. thamnolica, P. tejocotensis var. 
stictica are included). This relatively high rate of endemism seems quite consistent for this genus. 

The apparent high degree of endemism can be discussed in context of the reproductive biology of the genus. A 
classic hypothesis to explain the evolution of endemic taxa on islands is the notion that species with heavier, less 
efficient propagules will only reach an island from an adjacent continent on rare occasions. Once established these 
species will remain relatively isolated from their ancestors and more likely evolve and radiate into unique species, 
rather than those where efficient diaspores permit regular gene exchange with their continental counterparts. 

The deposition rate of particulates suspended in air is dependent upon particle size. Consequently small spores 
will be airborne longer and distributed farther than larger ones, and the ascospores of Pertusaria are generally 
large. The overall spore length of the Galapagos species range from 24 up to 148 pm and width from 15 to 63 
pm which is unusually large by comparison with other crustose genera reported from the archipelago. In this 
context it is not surprising that eight of the fifteen species (57%) of Galapagos Pertusaria which reproduce by 
ascospores appear to be endemic. 

One would suspect that soredia would be far more efficient propagules. Among the leprose and leproid 
Galapagos lichens there is only one possible endemic species, thus far reported (Bungartz et al. 2013). In 
Pertusaria only two of eight sorediate species are possibly endemic (25%), although both have fine, farinose 
soredia (viz. P. darwiniana and P. stictica). The species with coarse, presumably heavier soredia are not endemic 
(although P xantholeucoides occurs in Galapagos as a new chemotype). 

World-wide Pertusaria is one of few crustose lichen genera relatively well studied. A world-key by Archer 
and Elix (2011) treats 794 taxa, of which 482 are synonyms (or possible synonyms), this total number of 
accepted species is higher than previous estimates of world-wide diversity in the genus (Lumbsch and Nash 
2002). Nevertheless, reviewing characters used to distinguish species in Pertusaria, Messuti and Archer (2009) 
calculate a maximum number of 3500 theoretically possible combinations, of which they consider 1550 species 
a realistic estimate, many times the number currently accepted. 

In South America Pertusaria species from southern, temperate regions are best known (Archer and Messuti 
1998, Dodge 1968, Fryday 2008, Lamb 1955, Messuti and Archer 2004, Messuti 2005, Osorio 1999, Osorio et 
al. 1984). The diversity in tropical parts of this continent remains poorly studied, and essentially only few, 
isolated reports exist (Breuss 2001, Elix et al. 1995, Flakus, and Kukwa 2012, Kalb 2008, Noske and Sipman 
2004, Sipman 1986). 

Nevertheless, regions adjoining the Neotropics have been extensively studied. Central America and the 
Caribbean share some species with south-eastern USA (treated by Dibben 1980) while species from dry, 
subtropical regions like Baja California (north-western Mexico) were covered by Lumbsch and Nash (2002), 
and Schmitt et al. (2007). 

For the Galapagos these regions, that is Central America, the Caribbean, Baja California, and even southern 
South America could be considered possible source areas. Weber et al. (1977, P. 120) and to some extent 
Weber and Gradstein (1984) first discussed tentative distribution patterns of Galapagos lichens, suggesting 
that saxicolous species along the Galapagos coast and the dry lowlands show high affinities with species from 
Chile. Recent studies of Roccella by Tehler et al. (2009), and of Redonographa by Lucking et al. (2013) support 
this hypothesis. However, among the Galapagos Pertusaria no species fit this pattern. 

Weber et al. (1977) further suggested that saxicolous species from the island interior have stronger affinities 
with the Caribbean and Central America than with continental South America [P. xanthodes may be an example, 
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although the species also occurs in southern and Baja California (Dibben 1980)]. Finally, Weber et al. (1977) 
assumed that corticolous species, particularly of the humid highlands, were mostly widely distributed throughout 
the Neotropics [examples for this group maybe P. tetrathalamia, P. commutata, and perhaps even P. oahuensis]. 

However, these patterns are not consistent with the known distribution of vascular plants. Only few endemic 
vascular plants in the Galapagos are known to have originated in Central America (12%), with most derived 
from ancestors that colonized the archipelago from continental South America (45%), and very few from 
as far as North America [5%, in particular from Baja California; for details see Tye and Francisco-Ortega 
(2011)]. At least for foliicolous lichens similar tendencies have been observed, where most species appear to 
have originated in continental South America rather than Central America (Lucking and Bungartz 2015). 

Interestingly, several Galapagos species of Pertusaria are also known from Baja California. Two yellow corticolous 
species, P. texana and P. xanthodes are common there, while P. thiospoda occurs in nearby Revillagigedo. The 
yellow saxicolous P tejocotenis and P. xantholeucoides also occur in Baja California, although the Galapagos 
chemotypes appear endemic varieties. 

Time will tell how many Galapagos Pertusaria species ultimately prove to be endemic. However, a high rate of 
endemism is likely and we presume that most of the new species and varieties described here are restricted to 
these islands. 
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Abstract 

Schwetschkeopsis fabronia (Schwagr.) Broth, collected from Pa Nang Koy cave, Phrae province is a species 
newly recorded for Thailand. A description with illustrations is provided. 

Introduction 

Schwetschkeopsis Broth. (Fabroniaceae) is a temperate American and Asian genus of four species, growing as 
epiphytes (Gradstein et al. 2001; Frey and Stech 2009). Of 620 species of moss reported in Thailand (Sukkharak 
and Chantanaorrapint 2014), Schwetschkeopsis elongata (Dixon 8c P. de la Varde) W.R.Buck 8c FLA.Crum is 
the first member of Schwetschkeopsis found in Thailand. It was collected from Loei province, which is in 
the north eastern part of the country (He 2015). During a field trip to Phrae province in northern Thailand 
carried out by the first author, a new record of Schwetschkeopsis species of Thailand was discovered. In this 
paper, Schwetschkeopsis fabronia (Schwagr.) Broth, is reported with description and illustration. The voucher 

specimens are kept in the Department of Biology, Faculty of Science, Burapha University and at the Missouri 
Botanical Garden (MO). 

Taxonomic Treatment 

Schwetschkeopsis fabronia (Schwagr.) Broth., Die Natilrlichen Pflanzenfamilien 1(3): 878 (1907) 

Basionym: Helicodontium fabronia Schwagr., Species Muscorum Frondosorum, Supplementum Primum 32(2): 
294(1830) 

Leskea denticulata Sulk, Musci Alleghanienses 62 [Schedae 19] (1846) 

Platygyrium imbricatum Podp., Spisy Prirodovedecke Fakulty University v Brne 116: 35. f. 30 (1929) 

Schewetschkea denticulata (Sull.) Cardot, The Bryologistl \ 31 (1904) 

Schwetschkea japonica Besch., Annales des Sciences Naturelles; Botanique, series 7,17: 362 (1893) 

Schwetschkeopsis denticulata (Sulk) BrothDie Natilrlichen Pflanzenfamilien 1(3): 878 (1907) 

Schwetschkeopsis japonica (Besch.) Broth., Die Natilrlichen Pflanzenfamilien 1(3): 878 (1907) 

© 2015 Royal Botanic Gardens and Domain Trust 
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Plants pleurocarpous, pale green, slender, in soft mats. Stems creeping, complanately foliate, irregularly 
pinnately branched, with short secondary branches, pseudoparaphyllia foliose. Rhizoids whitish green, clustered 
beneath stems. Leaves imbricate, erect when dry, erect-spreading when wet, ovate-lanceolate, 0.8-1.1 mm long, 
0.4-0.5 mm wide, margin entire, apex acuminate; costa none; upper and median leaf cells oblong-rhomboidal, 
36-48 pm long, 11-15 pm wide, moderately thick-walled, often projecting at upper ends; lower cells slightly 
narrower and longer, 25-51 pm long, 11-18 pm wide; basal marginal cells subquadrate, 11-21 pm long, 
13-16 pm wide in a few rows along basal margin. Dioicous. Perigonia seen. Sporophytes not seen. 

Specimens examined: THAILAND, Phrae province, Pa Nang Koy cave, on bark of trees, 1 Jan 2015, Sukkharak 
1369,1378,1379; ibid., on rock, Sukkharak 1385 (all in herbarium, Burapha University, MO). 

Habitat: 200 m, growing on bark and rocks. 

Distribution: Schwetschkeopsis fabronia has been reported from North America, Russia, Japan, Korea, China, 
and Vietnam, as well as a new record to Thailand. 

In Thailand, this species is readily distinguishable among small pleurocarpous mosses by its complanate foliate 
branches (Figs 1,2A), absence of a costa (Fig. 2C, D), and cells papillose-projecting at upper angles of lamina, 
especially near the leaf apices and margins (Fig. 2E, F). However, the papillosity of the leaf cells due to the 
projecting upper cell ends may not be distinct in some stage of the plants. Schwetschkeopsis fabronia was 
reported from north-eastern China across the central to the south-western part of the country in Yunnan and 
Xizang. The distribution in Thailand represents a further range extension of this species to mainland Southeast 
Asia in addition to Vietnam (He and Khang 2012). The recent discovery of this species indicates that the 
bryophyte flora of Thailand still remains inadequately known and future floristic work should continue and 
be more focused in this country, which is rich in biodiversity. 

Fig.1. Habit of Schwetschkeopsis fabronia (Schwagr.) Broth. 
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Fig. 2. Schwetschkeopsis fabronia (Schwagr.) Broth. A. Portion of a stem. B. Perigonium. C. A leaf with rhizoids attached. 

D. Leaf. E, F. leaf apices and apical cells. G. Median leaf cells. H. Central basal cells. I. Alar region. J. Median marginal cells. 

(All prepared from Sukkharak 1369, MO). 

Key to species of Schwetschkeopsis found in Thailand 

1 Pseudoparaphyllia present; costa absent; upper and median leaf cells oblong-rhomboidal. 
.Schwetschkeopsis fabronia 

1 Pseudoparaphyllia absent; costa double, 1/8-1/7 the leaf length; upper and median leaf cells elongate- 
hexagonal .Schwetschkeopsis elongata 
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Abstract 

Critical studies with protologue and type specimens of Vernonia anaimudica B.V.Shetty & Vivek., Vernonia 
pothigaiana Chellad. & Gopalan and Vernonia pulneyensis Gamble shows the diagnostic features of Acilepis 
rather than Vernonia sensu stricto. Hence, they are transferred from Vernonia Schreb. to Acilepis D.Don. 

Introduction 

The distribution range and generic circumscription of Vernonia is greatly changed after the revision of the 
paleotropic species of tribe Vernonieae by Robinson (1999). After that Robinson and Skvarla (2006-2010) and 
Robinson et al. (2008) restored and erected many new genera under the tribe Vernonieae. Recent molecular 
and phylogenetic studies also supported the polyphyletic nature of Vernonia Schreb. sensu lato (Keeley et al. 
2007; Keeley and Robinson 2009; Loeuille et al. 2015). However, most of these segregates are rather difficult 
to delimit. A few workers in India and Thailand already followed Robinsons treatment and transferred the 
known species of Vernonia to the respective segregated genera (Bunwong et al. 2014; Kumar 2014; Punekar 
and Vasudeva Rao 2006; Rasiya Beegam and Sibi 2012). 

During the revision of Vernonia of Western Ghats, critical studies with protologue, type specimens coupled with fresh 
collection in the field unveiled that the following three species of Vernonia viz., Vernonia anaimudica B.V.Shetty & 
Vivek., Vernonia pothigaiana Chellad. & Gopalan and Vernonia pulneyensis Gamble belong to Acilepis because of the 
herbaceous habit, simple hairs on stems, separated heads, unequal and deeply separated cells of setulae of achenes. 
As there is no combination in Acilepis for these three species, I propose new combinations below. 

Nomenclature 

Acilepis anaimudica (B.V.Shetty & Vivek.) R.Kottaimuthu, comb. nov. 

Basionym: Vernonia anaimudica B.V.Shetty & Vivek. Bulletin of the Botanical Survey of India 12(1-4): 266 (1972) 

Type: INDIA: Kerala, Kottayam District, Rajamallay, Devicolam, 2 Feb 1970, Shetty & Vivekananthan 31786A 
(holo: CAL; iso: B-Z-MH!). 

Distribution: India (Kerala) - Endemic. 

Notes: Acilepis anaimudica resembles A. heynei (Bedd. ex Gamble) H.Rob. Ik Skvarla at first sight, but quiet 
distinct in having bullate leaves with rounded-acute base. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Acilepis pulneyensis (Gamble) R.Kottaimuthu, comb. nov. 

Basionym: Vernonia pulneyensis Gamble, Kew Bulletin 1920: 341 (1920) 

Type: INDIA: Pulney Hills, Banks of the Pambar river at Kodaikanal, 2300 m, Apr 1916, PF. Fyson 4057 
(Lectotype: K000814763, image!). 

Distribution: India (Tamil Nadu) - Endemic. 

Notes: Uniyal (1995) and Srivastava et al. (2015) opined that Vernonia pulneyensis Gamble has not been 
collected after type collection. However critical studies carried out by Murugan and Murthy (2010) revealed 
that the species was collected from the type locality and other localities, but erroneously identified as Vernonia 
conyzoides DC. Moreover, the species is often confused with Vernonia peninsularis C.B.Clarke ex Hook.f. 

Acilepis pothigaiana (Chellad. & Gopalan) R.Kottaimuthu, comb. nov. 

Basionym: Vernonia pothigaiana Chellad. & Gopalan, Journal of Economic and Taxonomic Botany 25(2): 
271 (2001) 

Type: INDIA: Tirunelveli, Pothigaimalai, c. 1868 m, 6 Feb 1989, R. Gopalan 88741 (holo: CAL; iso: MH!). 

Distribution: India (Tamil Nadu) - Endemic. 

Notes: Acilepis pothigaiana very closely resembles A. fysonii (Calder) H.Rob. & Skvarla, but differs in stem 
10-ribbed; leaves elliptic-lanceolate, glandular, serrate; capitula lax, up to 12; phyllaries linear-lanceolate or oblong. 
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Abstract 

Chlorophytum clivorum (Asparagaceae) is described as a new species from southern Western Ghats, India. 
Colour photographs and key to the species of Chlorophytum occurring in the southern Western Ghats are 
provided here for the easy identification of this new species. 

Introduction 

Chlorophytum Ker Gawler is a medicinal herb in Asparagaceae comprising c. 190 species of perennial, 
rhizomatous herbs (Goverts et al. 2015). The genus includes numerous economically valuable species occupying 
in diverse habitats of Africa, Asia and Australia (Poulsen and Nordal 2005; Mabberley 2005). According to 
Malpure and Yadav (2009) the genus is represented by 17 species in India, of which 15 occur in the Western 
Ghats. Kumar and Adsul (2014) recently added C. palghatense K.M.P.Kumar 8c Adsul, a tuber less chlorophytum 
as new taxa from Kerala part of Western Ghats. 

Recent floristic exploration in the montane forests of Achankovil (part of Achankovil Shear Zone) situated 
in the southern Western Ghats has yielded some interesting additional specimens of Chlorophytum. The 
evaluation of specimens in various herbaria revealed that some accessions do not belong to any described 
species. This has resulted in the recognition of a novel species, which is described here as Chlorophytum 
clivorum J.Mathew 8c K.V.George. 

Taxonomic treatment 

Chlorophytum clivorum J.Mathew 8c K.V.George, sp. nov. (Fig. 1) 

Diagnosis: Chlorophytum clivorum (Fig. 1) differs from C. tuberosum (Roxb.) Baker and C. heynei Baker in 
having a greenish perianth (cf. C. tuberosum and C. heynei both have white perianth) shorter spherical anthers 
(2 mm long), shorter inflorescence (up to 6 cm long; cf. C. tuberosum and C. heynei at least 18 cm long), and 
low lying larger leaves (10-40 cm long, 2-6 cm wide), with 20-25 veins (cf. C. tuberosum 7 veins and C. heynei 
>30 veins). 

Holotype: INDIA: Kerala: Kollam District, Kottavasal, alt. ± 1250 m, 22 Sep 2014, /. Mathew 4125 (flowering) 
(MH); iso: SESH. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Terrestrial herbs 12 cm high (including inflorescence), flat to ground; shortly rhizomatous (up to 10 cm long) 
bearing remains of older leaves; roots short and fusiform with small tubers. Leaves 7-12 per plants, low lying 
or flat to ground; base sheathed, 10-38 cm long, 2-6 cm wide, with 20-25 veins, midrib prominent; margin 
wavy, glabrous; apex acute. Peduncle short (2 cm long), much shorter than leaves; inflorescence up to 4 cm long, 
racemose, unbranched, compact, bracteate; bracts and bracteoles small (1.5-2 cm long), with margin ciliate. 
Flowers paired, sometimes with 3 flower joined together, 2.5-2.8 cm across; shortly pedicellate (0.6-1 cm long), 
greenish; perianth segments 6 in two whorls, 5-nerved, c 1.5 cm long. Stamens smaller than perianth; filaments 
filiform, white, longer than anthers; anthers spherical, 2 mm long, yellowish. Ovary 1.5-2 mm long, elliptic, 

sessile, green; style 5 mm long, stigma glabrous. Capsule c. 1 cm long, triquetrous, not deeply lobed; round in 
cross-section, narrowed at apex; often bearing remains of style. Seeds thin, discoid slightly folded. 

Distribution and Ecology: Found in rocky cliffs of montane grassland (alt. ± 1650 m) of the Kottavasal Hills, 

Agasthyamalai Biosphere Reserve, Western Ghats, Kerala, India. Grows in association with Arisaema sarracenioides 
E.Barnes & C.E.C.Fisch. and Ariopsis peltata Nimmo var. brevifolia J.Mathew & K.V.George. 

Phenology: Flowering and fruiting recorded from August to November. 

Conservation status: The current conservation status is data deficient (IUCN 2015). However, it is known that 
the distribution is limited with only a few plants observed (30 plants) at the few known locations. Although this 
species occurs in the Agasthyamalai Biosphere Reserve, it appears to have a very restricted distribution and so 
should, at least, be considered vulnerable. 

Etymology: The epithet clivorum means of the slopes of hills’, where the new species grows. 

Notes: Chlorophytum clivorum is the only species of the genus in Western Ghats with greenish perianth. It shows 
affinities to C. perfoliatum Kativu, an African element (Kativu 1993) by the short rhizome and greenish perianth. 
Earlier researchers evinced that, Achankovil Shear Zone (AKSZ) played a key role in invasion of an African 
element to the Indian subcontinent (Mathew 2015). In this context, the occurrence of Chlorophytum (Afro- 
Australasian element), particularly this newly described species, in the AKSZ deserves further investigation. 

Additional specimen examined: INDIA. Kerala: Kollam District, Kottavasal, /. Mathew 4114, 23 Sep 2014 
(flowering) (SESH). 

Fig. 1. Chlorophytum clivorum J.Mathew & K.V.George a, habit; b, leaves with wavy margin and venation; c, Inflorescence 

with green coloured perianth; d, apical leaf with acute tip; e, stamens. 
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Table 1. Prominent morphological differences distinguishing Chlorophytum clivorum from allied species 

Character C. clivorum C. heynei C. tuberosum 

Lower larger Leaves 10-40 cm long, 2-7 cm wide 10-30 cm long, 2-5 cm wide 15-25 cm long, 1-1.5 cm wide 

Veins 20-25 >30 7 

Inflorescence up to 6 cm long (including 

peduncle) 

18 cm long up to 25 cm long 

Flower arrangement compactly arranged compactly arranged distantly arranged 

Perianth colour green white white 

Anthers 2 mm long, spherical 1.5 mm long, obloid 3 mm long, obloid 

Fruit shape (in cross-section) round deeply lobed (winged) deeply lobed (winged) 

Key to Chlorophytum in southern Western Ghats 

1. Flowers white .2 

1. Flowers green . C. clivorum 

2. Anthers longer than staminal filament. C.arundinaceum 

2 Anthers shorter than staminal filament. 3 

3. Capsule 2-lobed, 3rd lobe aborted .C. nimmoni 

3. Capsule 3-lobed.4 

4. Leaves broader, up to 5 cm wide; flowers compactly arranged in raceme.C. heynei 

4. Leaves up to 3 cm wide; flowers distantly arranged in raceme. 5 

5. Peduncles long; flowers appear at apex of raceme . C. tuberosum 

5. Peduncles short; flowers appear at base of raceme . 6 

6. Stigma 3-fid . C. indicum 

6. Stigma entire . 7 

7. Ovary 6-lobed; seeds ovoid. C. malabaricum 

7. Ovary 3-lobed; seed reniform. 8 

8. Leaves 14-20 cm long, 1.5 cm wide; perianth 9-11 mm long, 3 mm wide.C. palghatense 

8. Leaves 10-25 cm long, 0.8 cm wide, perianth 2 mm long, 1 mm wide .C. laxum 
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Abstract 

Impatiens parkinsonii C.E.C.Fisch. (Balsaminaceae) is reported as new addition to the flora of India. It was 
earlier only known from North Myanmar. As there was no holotype assigned for the species, a lectotype is 
designated here. 

Introduction 

Impatiens parkinsonii C.E.C.Fisch. (Balsaminaceae) was described by Cecil E.C. Fischer on the basis of a 
collection made by C. E. Parkinson from North Myanmar in 1925. Parkinson was a Forest Botanist of Burma 

(Myanmar) and the species was named after its collector. The specific epithet of this species was named in his 
honour (Fischer 1926). While describing the species, Fischer assigned C.E. Parkinson 407 as the type; however, 
this collection consists of two sheets, each one a syntype. Therefore, lectotypification of the name I. parkinsonii 
C.E.C.Fisch. is required. 

During a recent plant exploration tour by two of the authors (N.O. and R.D.) to Mon district of Nagaland, 
North-eastern India under Botanical Survey of India’s annual action plan project ‘Flora of Eastern Nagaland’, a 
few species of Impatiens were collected. After critical examination and subsequent literature study accompanied 
by examination of herbarium samples deposited at K, one plant collected during this survey was identified as 
Impatiens parkinsonii, being discovered for the first time from India (Hooker 1874,1905; Toppin 1920, Fischer 
1926, Grey-Wilson 1989,1991; Vivekananthan et al. 1997; Huang 2006; Pusalkar and Singh 2010; Dessai and 
Janarthanam 2011; Bhaskar 2012; Gogoi and Borah 2013a, 2013b, 2014; Gogoi et al. 2013, Borah et. al. 2015). 
Until now, this species was only known from Namti Chaung Feeder, Myitkyina district, North Myanmar 
(North Burma) (Fischer 1926). 

A detailed description of this poorly known species is provided, together with coloured images, to enable field 
botanists, foresters, environmentalists, herbalists, and others, to identify the species in the field. A lectotype is 
designated from C.E. Parkinson’s original collection 

Impatiens parkinsonii C.E.C. Fisch. Bulletin Miscellaneous Information Kew 1926:467 (1926). 

Fectotype (designated here): Myanmar, Myitkyina district, Namti Chaung Feeder, 11 Dec 1925, C.E. Parkinson 
407 (K000694778!); isolectotype (K000694779!) 

© 2015 Royal Botanic Gardens and Domain Trust 



copyright reserved 

384 Telopea 18: 383-387, 2015 Gogoi, Odyuo and Daimary 

Fig. 1. Lectotype of Impatiens parkinsonii C.E.C.Fisch., C.E. Parkinson 407 (K000694778!) © The Board of Trustees of the 

Royal Botanic Gardens, Kew. Reproduced with the consent of the Royal Botanic Gardens, Kew. 
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Fig. 2. Impatiens parkinsonii. A, B. Plants in natural habitat; C. Close view of flower; D. Bract; E. Lateral sepals; F. Ventral 

view of dorsal petal; G. Dorsal view of dorsal petal; H. Ventral side of lateral united petals; I. Dorsal side of lateral united 

petals; J. Lower sepal with spur; K. Stamens; L. Young fruits. 
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Perennial succulent herbs, unbranched, up to 30 cm tall, prostrate; stem ridged or slightly winged, nodes not 
swollen. Leaves alternate, confined to upper portion of stem, rosulate, subsessile to petiolate; petiole 0.5-0.8 cm 
long; lamina oblanceolate, 2-6 cm long, 0.5-1.6 cm wide, glabrous, base cuneate to attenuate, margin crenate, 
setose between teeth, apex acute, lateral veins 4-7 pairs. Inflorescence axillary, 1-6-flowered, peduncle up to 
5 cm long, floral bud light greenish purple. Flower purple with deep purple streakes; pedicel up to 1 cm long, 
green with pink tinge, bract inserted at base, ovate, up to 3 mm long, 2 mm wide, yellowish green with pink 

tinge at base, persistent, apex acute, mid vein inconspicuous, glabrous. Lateral sepals 2, ovate, apex slightly 
curved, yellowish green with pink tinge, up to 5 mm long, 3 mm wide, margin entire, green, membranous, apex 

acute,. Lower sepal navicular, purplish white, up to 3 mm deep, mouth without beak, spur light purple, up to 
2 cm long, curved inward or hooked, tip purple. Dorsal petal white with purple streaks ventrally, ovate, up to 
1 cm long, 1 cm wide, apex obtuse, without beak at apex, dorsally slightly cucullate. Lateral united petals light 
purple, bilobed, 1.5 cm long (whole), basal lobe triangular ovate, apex acute, distinctly clawed, to 3 mm wide, 
distal lobe dolabriform, apex acute to obtuse, to 7 mm wide, basal auricle brown, up to 1 mm long. Stamens 5, 
slightly curved; anther lobe obtuse. Capsule turgid at middle, greenish with purple tinge, glabrous; seeds 4 or 5 
in each capsule, black, surface smooth. 

Phenology: Flowering and fruiting July-December 

Distribution and habitat: The species was found growing as moist lithophytes near streams at an altitude of 
900 m, in association with Begonia sp., Mycetia sp. and Cyathea sp. Apart from North Myanmar, this species 
also occurs in the states of Eastern Nagaland and South Eastern Arunachal Pradesh of India. 

Other specimens examined: INDIA: Nokyan, Mon district, Eastern Nagaland, 95°13'50.5"E, 26°53'02.6"N, 

altitude 910 m, N. Odyuo & R. Daimary 132390,29 Nov 2014 (ASSAM!); Niusa-Wanu, Tirap district, Arunachal 
Pradesh, G. Panigrahi 16701,3 Sep 1958; Pusa to Bimalpur, Tirap district, G. Panigrahi 16999,8 Sep 1958 (CAL!). 

Lectotypification 

Since the type collection (C.E. Parkinson 407) of I. parkinsonii consists of several elements (mounted on two 
separate sheet, as held at K; refer above), one sheet (K000694778) has been selected as the lectotype. This 
sheet was examined by C.E.C. Fischer and closely matches the protologue, including the illustration (Fischer 
1926). Since the remaining K sheet of this collection were also examined by Fischer, are regarded as part of the 
original gathering, and match the protologue, it is here designated as an isolectotype. 
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Abstract 

Lepidagathis kameyamana is proposed here as a replacement name for L. diffusa (Nees) Lindau (basionym: 
Teliostachya diffusa Nees) as it is a later homonym of L. diffusa C.B.Clarke. 

Introduction 

During the present study of the systematics of Lepidagathis Willd. (Acanthaceae) in India, we found that the 
name of a Brazilian endemic species, Lepidagathis diffusa (Nees) Lindau (Lindau 1903; Profice et al. 2015) is 
a later homonym of an Indian endemic species, Lepidagathis diffusa C.B.Clarke (Clarke 1885; Gamble 1924; 
Vajravelu 1990) according to article 53.1 of ICN (McNeill et al. 2012). A replacement name is proposed here as 
L. kameyamana for the Brazilian species as per articles 41.1 and 41.2(c) of ICN (McNeill et al. 2012). 

Nomenclature 

Lepidagathis kameyamana Gnanasek. & Arisdason, nom. nov. 

Replaced synonym: Lepidagathis diffusa (Nees) Lindau, Bulletin de THerbier Boissier Series II, 3: 631 (1903), 
nom. illeg, non L. diffusa C.B.Clarke, in Hook.f., The Flora of the British India 4: 518 (1885). 

Basionym: Teliostachya diffusa Nees, Flora Brasiliensis 9: 72 (1847). 

Type: Brazil: In the provincial Minarum, Minas Generaes, Ackermann s.n. (GZU000250445, image!). 

Etymology: The specific epithet honours Dr. C. Kameyama, Instituto de Botanica (SP), Brazil, for her valuable 
contribution to the taxonomy of Neotropical Lepidagathis. 

Notes: Lepidagathis diffusa (Nees) Lindau (here renamed as Lepidagathis kameyamana) is an herbaceous 
endemic species confined to the tropical rain forests of northeastern (Bahia), southeastern (Espirito Santo, Minas 
Gerais, Rio de Janeiro, Sao Southeast Paulo) and southern (Parana, Santa Catarina) states of Brazil (Profice et 
al. 2015), whereas, the Indian endemic is confined to very few localities in the states of Karnataka (Ballari and 
Mysore districts) and Tamil Nadu (Coimbatore district) and it was assessed as ‘Indeterminate by Vajravelu (1990). 
Furthermore, these two species are quite distinct from each other morphologically. The Brazilian plant differs 
from the Indian plant by having ovate- or oblong-elliptic, petiolate leaves, and pedunculate elongated spikes. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Abstract 

Lectotype of Argyreia bella (C.B.Clarke) Raizada (basionym: Lettsomia bella C.B.Clarke) is designated here. 

Introduction 

The genus, Argyreia Lour., belonging to the family Convolvulaceae, is represented by 90 species, and distributed 
chiefly in tropical Asia (Fang and Staples 1995; Mabberley 2008). Clarke (1883) reported 25 species of Argyreia 
and 21 species of Lettsomia from then flora of British India, including species from Sri Lanka (Ceylon), Nepal, 
Myanmar (Burma), and Malay Peninsula regions, of which 5 species of Argyreia and 15 species of Lettsomia 
were described by him as new. However, almost all those Lettsomia species are now treated under Argyreia. 
According to Santapau and Henry (1976), the genus is represented by 40 species within the present political 
boundaries of India, and it is the second largest genus in Indian Convolvulaceae. 

Clarke (1883) described Lettsomia bella based on his own collection from Chota Nagpur. The protologue 
provides only the place of collection (Chota Nagpore) and the elevation (2000'). According to Stafleu and 
Cowan (1976), the “Indian herbarium and mss” of C.B. Clarke are chiefly housed at K, with duplicates in many 
herbaria. In India, many duplicate specimens of Clarke’s are housed at CAL. 

As part of a taxonomic revision of Tribe Ipomoeeae in India, attempts were made to trace type specimens 
at K, as well as at CAL. In the Kew Herbarium Catalogue (http://www.kew.org/herbcat), images of two 
specimens (Bundgao, 2000', Singbhoom, Chota Nagpore, 28 Oct 1873, C.B. Clarke 20452 A, K000830701, 
image!; Ranchi, 1500', Chota Nagpore, 22 Oct 1873, C.B. Clarke 21351 A, K000830702, image!) were located. 
Similarly, at CAL two specimens (Bundgao, 2000', Singbhoom, Chota Nagpore, 28 Oct 1873, C.B. Clarke 20452 
E, CAL0000018485!; Ranchi, 1500', Chota Nagpore, 22 Oct 1873, C.B. Clarke 21340 D) were traced. All these 
specimens were collected by Clarke prior to publishing the name Lettsomia bella and would be considered 
original material. However, the two specimens collected from Bundgao and presently housed at K (C.B. Clarke 
20452 A, K000830701) and at CAL (C.B. Clarke 20452 E, CAL0000018485) are considered as syntypes of 
Lettsomia bella, as the elevation (2000') of the place of collection given on these two sheets is an exact match 
with the protologue. Of these, the specimen housed at K (C.B. Clarke 20452 A, K000830701) is designated here 
as the lectotype of Lettsomia bella (Fig. 1). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Argyreia bella (C.B.Clarke) Raizada (basionym: Lettsomia bella C.B.Clarke) (C.B. Clarke 20452 A, K000830701, 

image! (Lectotype) (http://specimens.kew.org/herbarium/K000830701) [© The Board of Trustees of the Royal Botanic 

Gardens, Kew. Reproduced with the consent of the Royal Botanic Gardens, Kew]. 
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Nomenclature 

Argyreia bella (C.B.Clarke) Raizada, Indian Forester 84(7): 472 (1958). 

Lettsomia bella C.B.Clarke in Hook.f., The Flora of British India 4: 192 (1883). 

Lectotype (designated here): Bundgao, 2000', Singbhoom, Chota Nagpore, 28 Oct 1873, C.B. Clarke 20452 A 
(K000830701, image!); isolecto: C.B. Clarke 20452 E (CAL0000018485!) - Fig. 1. 
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Abstract 

Seventeen species and five varieties of Indian Leucas R. Br. are lectotypified here: Leucas angustissima Sedgw., 
L. ciliata Benth., L. clarkei Hook.f., L. decemdentata (Willd.) Sm. var. angustifolia (Wall, ex Benth.) V.Singh, 
L. eriostoma Hook.f. var. lanata Hook.f., L. helicterifolia Haines, L. hyssopifolia Benth., L. lamiifolia Desf., 
L. lanata Benth., L. lanceaefolia Desf., L. longifolia Benth., L. montana (B. Heyne ex Roth) Spreng., L. prostrata 
(Hook.f.) Gamble, L. pubescens Benth., L. rosmarinifolia Benth., L. stelligera Wall, ex Benth., L. stricta Benth., 
L. sujfruticosa Benth., L. vestita Benth. var. angustifolia Hook.f., L. vestita Benth. var. oblongifolia Hook.f., 

L. vestita Benth. var. sericostoma Hook.f. and L. wightiana Wall, ex Benth. 

Introduction 

The genus Leucas R. Br. consists of more than one hundred species worldwide, especially in warm and tropical 
regions of Africa, Asia and some extending to Australia and America (Singh 2001; Mabberley 2008). Presently, 
forty species and eleven varieties are found in India, with 22 species and nine varieties endemic to different 
states (Singh 2001). The distribution pattern of the species of Leucas in India revealed that out of 51 taxa, 
45 taxa are found in South India, which represent about 88% percent of the total 51 species (Singh 2001). 
Furthermore, out of the 31 endemic taxa of Leucas, 24 (about 77%) are strictly restricted to South India 
(Andhra Pradesh, Karnataka, Kerala and Tamil Nadu). The level of endemism suggests the South India is 
one of the centres of diversity of Leucas. During systematic studies of genus Leucas for India, I realized that 
it was necessary to lectotypify 17 species and five varieties because no specific herbarium sheet was cited as 
holotype in protologue of these taxa and also not lectotypified earlier. While designating lectotypes, I followed 
the guidelines of Art. 9.2 of the Melbourne Code (McNeill et al. 2012). 

Lectotypifications 

1. Leucas angustissima Sedgw., Journal of Indian Botany 2: 123 (1921) 

Type citation: “In patentibus saxis, prope Gairsoppa Falls in Canara in provincia Bombaiensi, ad alt. circa 1500 
ped. angl. et pluv. circa 100 digit, angl., Sedg. et Bell 7234, Nov. 1919; et apud Siddhapur in eadem regione Sedg. 
et Bell 7255, eodem mense: cotypi in Herb. Coll. Sanct. Xavieri, Bombay. Invenit qucque in Herb. Talbot, 3740, 
a Siddhapur.” 

Lectotype (here designated): India, Karnataka state, North Kanara [Uttar Kannada], Jog Falls (now in 
Shivamogga district), 1400 ft., Nov 1919, Sedgwick & Bell 7234 (CAL20542!); isolectotype: BLAT! Fig. 1 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Lectotype of Leucas angustissima (CAL0000020542, © Central National Herbarium, Howrah). 
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Fig. 2. Lectotype of Leucas ciliata (K001114984, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Residual syntypes: India, Karnataka state, Uttar Kannada district, Siddhapur [Siddapur], Nov 1919, Sedgwick 
& Bell 7255 (BLAT!); Siddhapur, Feb 1896, Talbot 3740 (BSI!) 

Distribution: India, endemic and rare (Karnataka, restricted to Shivamogga and Uttar Kannada district). 

Notes: Sedgwick (1921) described Leucas angustissima based on collections of Sedgwick & Bell 7234, Sedgwick 
& Bell 7255 and Talbot 3740, but no specific herbarium sheet was designated as the holotype. Four herbarium 
specimens related to these three gatherings were extant now and all are examined and annotated by Sedgwick 
as ‘Leucas angustissima Sedg.’, two at BLAT and one each at BSI and CAL. The herbarium specimen CAL20542 
is better preserved and more complete in having root, stem, leaves and flowers than the other three specimens, 
and hence is chosen here as the lectotype as it agrees well with the protologue. 

2. Leucas ciliata Benth., Plantae Asiaticae Rariores (Wallich) 1:61 (1830) 

Type citation: “Wall. Cat. Herb. Ind. n. 2046”, “Phlomis ciliata, Herb. Heyne.”, “Hab. Napalia.” 

Lectotype (here designated): Without locality, 26 Dec 1816, Herb. Heyne, Wallich cat. n. 2046 [1] (K1114984!) 
Fig. 2 

Residual syntypes: Nipaul [Nepal], Chandanghiry [Chandragiri], 1 Feb 1821, Wallich cat. n. 2046 [2] 
(K1114985!); Nepal, anno 1821, Wallich cat. n. 2046 [2] (CAL! and K929544!); Napalia [Nepal], anno 1829, 
Wallich cat. n. 2046 [2] (K929543! and K929546!); Nepal, without date, Wallich cat. n. 2046 [2] (E301298!) 

Distribution: Bhutan, China, India (Andhra Pradesh, Arunachal Pradesh, Daman, Diu, Goa, Gujarat, Himachal 
Pradesh, Jammu and Kashmir, Karnataka, Kerala, Maharashtra, Manipur, Meghalaya, Nagaland, Rajasthan, 
Sikkim, Tamil Nadu, Telangana and Uttarakhand), Laos, Myanmar, Nepal, Thailand and Vietnam. 

Notes: Bentham (1830) described Leucas ciliata based on the collections of Wallich cat. n. 2046, but no type 
was indicated nor did he mention the name of herbarium where the specimens were housed. From the Wallich 
catalogue it is clear that Wallich cat. n. 2046 is Leucas ciliata of Bentham and this number is further divided 
into three subheadings - [1] Phlomis Herb. Heyne, [2] Napalia 1821 and [3] villosa Benth. Silhet. So, as per type 
citation given in protologue by Bentham, first and second subheadings belong to type collections and seven 
specimens were traced (CAL, E301298, K929543, K929544, K929546, K1114984 and K1114985) related to 
Wallich cat. n. 2046 [1] and [2]. Only the five specimens at K have been considered here to choose the lectotype 
specimen for this name because Bentham worked at K. The best one, K1114984, is better preserved and more 
complete than the other four specimens. This specimen is annotated ‘Phlomis ciliata (written by Heyne), as 
mentioned in protologue by Bentham, hence is here designated as the lectotype as it agrees well with the 
protologue. The specimen K929542 belong to Wallich Cat. n. 2046 [3], collected from Sylhet, Bangladesh is not 
a part of type material. 

3. Leucas clarkei Hook.f., Flora of British India 4: 688 (1885) 

Type citation: “Behar; on Parusnath, alt. 1500 ft., Clarkei 

Lectotype (here designated): India, Chota Nagpore [Chota Nagpur], Jharkhand state, Giridih district, 
Parasnath, 1500 ft., 19 Nov 1874, Clarke 24913 (K929549!) Fig. 3 

Residual syntype: India, Chota Nagpore [Chota Nagpur], Jharkhand state, Giridih district, Parasnath, 1500 ft., 
19 Nov 1874, Clarke 24904 (K929550!) 

Distribution: India, endemic (Himachal Pradesh, Jharkhand, Karnataka, Madhya Pradesh, Maharashtra, 
Meghalaya, Odisha, Sikkim, Tamil Nadu and Uttar Pradesh). 

Notes: J.D. Hooker (1885) described Leucas clarkei on the basis of specimens from Bihar, Parasnath (now this 
area comes in Giridih district of Jharkhand state) collected by C.B. Clarke, but no specific herbarium sheet was 
designated as the holotype. Pertaining to this specification, two sheets are extant at K (K929549 and K929550). 
Both the specimens at K were examined and annotated by J.D. Hooker as ‘L. clarkei Hf’. From these the best 
one, K929549, is designated here as the lectotype as it agrees well with the protologue and also in having 
dissected flower parts pasted on the sheet. 
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Fig. 3. Lectotype of Leucas clarkei (K000929549, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 4. Lectotype of Leucas decemdentata var. angustifolia (K001115035, © the Board of Trustees of the Royal Botanic 

Gardens, Kew). 
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Fig. 5. Lectotype of Leucas eriostoma var. lanata (K000929524, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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4. Leucas decemdentata (Willd.) Sm. var. angustifolia (Wall, ex Benth.) V.Singh, Journal of Economic and 
Taxonomic Botany 22(2): 388 (1998) 

Leucas angustifolia Wall, ex Benth., Plantae Asiaticae Rariores 1: 62 (1830) 

Type citation: “Wall. Cat. Herb. Ind. n. 2064”, “Hab. in Napalia.” 

Lectotype (here designated): Napalia [Nepal], Bechiaco, 10 Dec 1820, Wallich cat. n. 2064 (K1115035!) Fig. 4 

Residual syntypes: Napalia [Nepal], anno 1829, Wallich cat. n. 2064 (K929503!); Napalia, without date, Wallich 
cat. n. 2064 (CAL!) 

Distribution: India (Uttar Pradesh), Myanmar and Nepal. 

Notes: Bentham (1830) described Leucas angustifolia on the basis of specimens of Wallich cat. n. 2064, but 
no type was indicated nor did he mention the name of herbarium where the specimens were housed. Three 
specimens of Wallich cat. n. 2064 are extant now, two at K (K929503 and Kill5035) and one at CAL. Two 
specimens at K have been considered here to choose the lectotype specimen for this name. The best one, 
K1115035, is better preserved and is designated here as the lectotype as it agrees well with the protologue. 

5. Leucas eriostoma Hook.f. var. lanata Hook.f., Llora of British India 4: 686 (1885) 

Type citation: “Nilghiris and Bababoodan Hills.—L. lepistoma, Herb. Wight.” 

Lectotype (here designated): India, Peninsula Indiae Orientalis [Peninsular India], without date, Wight 2164 
(K929524!) Fig. 5 

Residual syntype: India, Karnataka, Chikmagalur district, Bavaboodan Hills [Bababudan Hills], without date, 
Wight s.n. (K929523!) 

Distribution: India, endemic and rare (Karnataka and Tamil Nadu). 

Notes: J.D. Hooker (1885) described Leucas eriostoma var. lanata on the basis of specimens collected by Wight 
from Bavaboodan Hills and Nilghiris, but no type was indicated nor did he mention the name of herbarium 
where the specimens were housed. Two herbarium specimens collected by Wight, with J.D. Hooker’s annotation 
CL. eriostoma Hf var. lanata Hf’, are held at K (K929523 and K929524). Of these two, the best preserved specimen, 
K929524, is designated here as the lectotype as it agrees well with the protologue. 

6. Leucas helicterifolia Haines, Bulletin of Miscellaneous Information, Kew 1922(6): 188 (1922) 

Type citation: “India. Bihar & Orissa: Ramnagar Hills; 300-600 m., Haines 4995.” 

Lectotype (here designated): India, Bihar state, West Champaran district, Ramnagar, Someshwar Hills, Nov 
1916, Haines 4995 (K846347!); isolectotype: K846346! Fig. 6 

Distribution: India, endemic and threatened (Bihar, restricted to West Champaran district). 

Notes: Haines (1922) described Leucas helicterifolia based on the specimens collected from Ramnagar Hills, 
Bihar, but no specific herbarium sheet was designated as the holotype. Only two herbarium specimens of 
Haines 4995 are now extant, K846346 and K846347. Of these two, the best one, K846347, is designated here as 
the lectotype as it agrees well with the protologue and also includes short descriptive notes and dissected calyx 
on the sheet by H.H. Haines. 

7. Leucas hyssopifolia Benth., Plantae Asiaticae Rariores 1: 60 (1830) 

Type citation: “Wall. Cat. Herb. Ind. n. 2044”, “Hab. in Napalia, Kamaon.” 

Lectotype (here designated): India, Uttarakhand state, Kamaon [Kumaun], anno 1829, Wallich cat. n. 2046 [2] 
(K929562!) Fig. 7 

Residual syntypes: Nepal, without date, Wallich cat. n. 2044 [1] (E301300! and E301301!); Napalia [Nepal], 
anno 1821, Wallich cat. n.2044 [1] (K929563!); Nepal, without date, Wallich cat. n.2044 [1] (K929565!); Napalia, 
Banipa [Banepa], May 1821, Wallich cat. n. 2044 [1] (CAL! and K1114982!); India, Uttarakhand state, Kamaon 
[Kumaun], without date, Wallich cat. n. 2044 [2] (CAL! and K1114981!); Napalia, without date, Wallich cat. n. 
2044 [1] (P738009!); Napalia, anno 1830, Wallich cat. n. 2044 [1] (P738010!) 

Distribution: India (Himachal Pradesh, Jammu and Kashmir, Jharkhand, Madhya Pradesh, Punjab, Sikkim, 
Uttarakhand, Uttar Pradesh and West Bengal), Myanmar, Nepal and Pakistan. 
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Fig. 6. Lectotype of Leucas helicterifolia (K000846347, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 7. Lectotype of Leucas hyssopifolia (K000929562, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Notes: Bentham (1830) described Leucas hyssopifolia based on the collections of Wallich cat. n. 2044, but no 
type was indicated nor did he mention the name of herbarium where the specimens were housed. Wallich cat. 
n. 2046 [1] belong to collections from Nepal and Wallich cat. n. 2046 [2] to Kumaon, Uttarakhand state, India. 
Pertaining to this specification, eleven specimens of Wallich cat. n. 2046 were traced (CAL two specimens, 
E301300, E301301, K929562, K929563, K929565, K1114981, K1114982, P738009 andP738010). Of these, only 
five specimens at K have been considered as appropriate specimens from which to select a lectotype for this 
name because Bentham worked at K. The sheet K929562, is better preserved and has dissected flower parts 
pasted on the sheet, and agrees well with the protologue. Therefore, it is here designated as the lectotype. 

8. Leucas lamiifolia Desf., Memoires du Museum d’Histoire Naturelle, Paris 11:4 (1824) 

Type citation: “Cette espece est indigene des montagnes de Nelligerry; elle se plait, dit M. Lechenault, dans les 
terrains fertiles.” 

Lectotype (here designated): India, montagnes de Nelligerry [Nilgiri Mountains], without date, Leschenault 
299 (P738018!); isolectotypes: P215011! and P738019! Fig. 8 

Distribution: India, endemic (Andhra Pradesh, Karnataka, Kerala and Tamil Nadu). 

Notes: Desfontaines (1824) described Leucas lamiifolia based on the collections of M. Lechenault from Nilgiri 
Mountains, but no type was indicated nor did he mention the name of herbarium where the specimens were 
housed. Three herbarium sheets of Lechenault are extant at P (P215011, P738018 and P738019). The sheet 
P738018, is better preserved, has dissected flower parts pasted on the sheet, agrees well with the protologue, 
and so is designated here as the lectotype. 

9. Leucas lanata Benth., Plantae Asiaticae Rariores 1: 61 (1830) 

Type citation: “Wall. Cat. Herb. Ind. n. 2055.”, “Hab. in Kamaon, Sirmore et in valle Dhoon dicta.” 

Lectotype (here designated): India, Uttarakhand state, Deyra Dhoon [Dehra Dun], anno 1829, Wallich cat. n. 
2055 [ 1] (K929484!) Fig. 9 

Residual syntypes: India, Uttarakhand state, Deyra Dhoon [Dehra Dun], anno 1825, Wallich cat. n. 2055 [1] 
(K1115013!); Himachal Pradesh state, Sirmore [Sirmaur], without date, Wallich cat. n. 2055 [2] (K1115015!); 
Uttarakhand state, Kamaun [Kumaun], without date, Wallich cat. n. 2055 [3] (K1115014!) 

Distribution: China, India (Andhra Pradesh, Assam, Himachal Pradesh, Jammu and Kashmir, Jharkhand, 
Karnataka, Madhya Pradesh, Odisha, Punjab, Rajasthan, Sikkim, Tamil Nadu, Tripura, Uttarakhand and West 
Bengal), Pakistan, Myanmar, Nepal and Thailand. 

Notes: Bentham (1830) described Leucas lanata based on the collections of Wallich cat. n. 2055, but no type 
was indicated nor did he mention the name of herbarium where the specimens were housed. Wallich cat. n. 
2055 [1] belong to collection from Deyra Dhoon [Dehra Dun], Uttarakhand state, Wallich cat. n. 2055 [2] 
to collections from Sirmore [Sirmaur], Himachal Pradesh state by Lt. Gerard, and Wall. Cat. n. 2055 [3] to 
Kamaun [Kumaun], Uttarakhand state. Pertaining to this specification, only four specimens of Wallich cat. n. 

2055 were now extant, K1115013-1115015 and K929484. Of these, the best one and better preserved sheet, 
K929484, is designated here as the lectotype as it agrees well with the protologue. 

10. Leucas lanceaefolia Desf., Memoires du Museum d’Histoire Naturelle, Paris 11:5 (1824) 

Type citation: “M. Lechenault”, “Cette espece est indigene des montagnes de Nelligerry.” 

Lectotype (here designated): India, montagnes de Nelligerry [Nilgiri Mountains], without date, Leschenault 
77 (P215012!); isolectotype: P738020! Fig. 10 

Distribution: India, endemic (Andhra Pradesh, Karnataka, Kerala and Tamil Nadu). 

Notes: Desfontaines (1824) described Leucas lanceaefolia based on a gathering by Leschenault from Nilgiri hills, 
India but no type was indicated nor did he mention the name of herbarium where the specimens were housed. 
Within the protologue, Desfontaines gave the precise locality and collector name but did not provide the number 
and date of collection. Two specimens from Nilgiri, India, Leschenault 77, are held at P (P215012 and P738020). 
The better preserved sheet with dissected flower pasted on the sheet, P215012, is chosen here as the lectotype 
because the illustration in the protologue is based on this specimen and it agrees well with the protologue. 
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Fig. 8. Lectotype of Leucas lamiifolia (P00738018, © Museum National D’Histoire Naturelle, Paris). 
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Fig. 9. Lectotype of Leucas lanata (K000929484, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 10. Lectotype of Leucas lanceaefolia (P00215012, Museum National D’Histoire Naturelle, Paris). 
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Fig. 11. Lectotype of Leucas longifolia (P00351887, Museum National D’Histoire Naturelle, Paris). 
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11. Leucas longifolia Benth., Labiatarum Genera et Species 744 (1835) 

Type citation: “Hab. in India Orientali septentrionali: ad vias circa Pounah Jacquemont! (h. s. sp. e Mus. Par.)” 

Lectotype (here designated): India, Maharashtra state, Poonah [Pune], without date, K Jacquemont 343 
(P351887!); isolectotypes: K929516! and P351886! Fig. 11 

Distribution: India (Gujarat, Karnataka and Maharashtra) and Sri Lanka. 

Notes: Bentham (1835) described Leucas longifolia on the basis of specimens collected by Jacquemont from 
Pune, Maharashtra state, India but no specific herbarium sheet was designated as the holotype. Bentham’s 
main type herbarium is held at K but he also consulted the Jacquemont collections at P for Labiatarum Genera 
et Species. Three specimens collected by Jacquemont from Pune are held at K and P (K929516, P351886 and 
P351887). Of these, the best preserved specimen, P351887, is designated here as the lectotype as it agrees well 
with the protologue. 

12. Leucas montana (B. Heyne ex Roth) Spreng., Systema Vegetabilium 742 (1825) 

Phlomis montana B. Heyne ex Roth, Novae Plantarum Species praesertim Indiae Orientalis 263 (1821) 

Type citation: “In India orientali observavit oculatissimus B. HEYNE.” 

Lectotype (here designated): India, without date, B. Heyne s.n. [Wallich cat. n. 2056] (K1115017!) Fig. 12 

Residual syntypes: India, Andhra Pradesh state, Hydrabad [Hyderabad], 16 Aug 1798, B. Heyne s.n. (K929496!); 
without date, B. Heyne s.n. (K929497!); without date, B. Heyne s.n. [Wallich cat. n. 2056] (K929495!); without 
date, B. Heyne s.n. [Wallich cat. n. 2056] (CAL) 

Distribution: India, endemic (Andhra Pradesh, Bihar, Chhattisgarh, Jharkhand, Karnataka, Kerala, Madhya 
Pradesh, Maharashtra, Odisha, Rajasthan, Tamil Nadu and West Bengal). 

Notes: B. Heyne (1770-1819) collected many plant specimens from India and he distributed these specimens 
to different workers like Roth, Roxburgh and Wallich. Roth described many species based on the specimens 
of B. Heyne in his book Novae Plantarum Species praesertim Indiae Orientalis. The type specimens related to 
this book were kept at B and many were destroyed during World War II. Phlomis montana is also described 
by Roth (1821) on the basis of specimens collected by B. Heyne from India but no type was indicated nor did 
he mention the number and date of collection. Type specimens of Phlomis montana no longer exist at B. At 
present five specimens of Phlomis montana collected by B. Heyne, belonging to the same gathering from which 
some were handed over to Roth, are now extant, four at K (K929495-929497 and K1115017) and one at CAL. 
It is unclear if Roth examined the four specimens at K. From these five specimens, three specimens (CAL, 
K929495 and K1115017) belong to Wallich cat. n. 2056, dated 1829 (on sheet K929495) is given by Wallich 
not by B. Heyne. The original date of collection of these whole gathering of Phlomis montana is cited by B. 
Heyne (K929496) as 16 Aug 1798. Although, they are the part of original gathering and these five specimens 
are considered here as the original materials according to Art. 9.3(c) of Melbourne Code (McNeill et al. 2012). 
Of these, the best one and better preserved, K1115017, is designated here as the lectotype as it agrees well with 
the protologue. 

13. Leucas prostrata (Hook.f.) Gamble, Flora of the Presidency of Madras 1154 (1924) 

Leucas hirta (B. Heyne ex Roth) Spreng. var. prostrata Hook.f., Flora of British India 4: 687 (1885) 

Type citation: “Anamallay and Nilghiri hills, alt. 6-8000 ft.” 

Lectotype (here designated): India, Mont. Nilghiri [Nilgiri Mountains] & Kurg [Kodagu], without date, 
G. Thomson s.n. (K929537!) Fig. 13 

Residual syntypes: India, Nilghiries [Nilgiri] without date, Schmidt s.n. (K929536!); Neelghiries [Nilgiri] 
without date, Wight s.n. (K929535!) 

Distribution: India, endemic (Karnataka, Kerala and Tamil Nadu). 

Notes: J.D. Hooker (1924) described Leucas hirta var. prostrata formally on the basis of specimens collected from 
Anamallay and Nilghiri hills but did not specify a holotype. In the protologue, he cited the precise locality, but 
did not provide collector name, date, or collection number. In this case, three specimen sheets at K (K929535- 
929537) collected from Nilgiri and with J.D. Hooker s annotation CL. hirta var. prostrata Hf ’ should be considered 
as original material. The best one and better preserved specimen, K929537, is designated here as the lectotype as 
it agrees well with the protologue and also this specimen belong to Hook.f. & Thomson herbarium. 



Lectotypification of Indian taxa of Leucas Telopea 18: 395-424, 2015 411 

Fig. 12. Lectotype of Leucas montana (K001115017, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 13. Lectotype of Leucas prostrata (K000929537, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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14. Leucas pubescens Benth., Labiatarum Genera et Species 610 (1834) 

Type citation: “Hab. in Indiae orientalis Peninsula Wight! (h. s. sp. e Mus. Angl. Indy 

Lectotype (here designated): India, Peninsula Ind. Orientalis [Peninsular India], Tamil Nadu state, Negapatam 
[Nagapatnam], Madura [Madurai] hills, without date, Wight 2156 (E301308!) Fig. 14 

Residual syntypes: India, Peninsula Ind. Orientalis [Peninsular India], Tamil Nadu state, Madura [Madurai] 
hills, without date, Wight 2156/23 (E301307!); Peninsula Ind. Orientalis, without date, Wight 2156 (E301309!) 

Distribution: India, endemic (Karnataka, Kerala and Tamil Nadu). 

Notes: Bentham (1834) described Leucas pubescens on the basis of specimens collected by Wight from 
Peninsular India, but no holotype was indicated nor did he mention the number and date of collection. 
Benthams main type herbarium is held at K, but no specimens of Wight were found there. Three specimens of 
Wight 2156 collected from Peninsular India were extant now at E (E301307-301309) and they are the part of 
original gathering, thus these four specimens are considered here as the original materials. Of these, the best 
one and better preserved, E301308, is designated here as the lectotype as it agrees well with the protologue and 
also in having dissected flower parts pasted on top of the sheet. 

15. Leucas rosmarinifolia Benth., Plantae Asiaticae Rariores 1: 61 (1830) 

Type citation: “Hab.(Herb. Wight.)” 

Lectotype (here designated): India, Peninsula Indiae Orientalis [Peninsular India], without date, Wight 2158 
(P738033!) Fig. 15 

Residual syntype: India, without date, Wight s.n. [Wallich Cat. n. 2521] (K1116341!) 

Distribution: India, endemic and rare (Karnataka, Kerala and Tamil Nadu) 

Notes: Bentham (1830) described Leucas rosmarinifolia on the basis of specimens collected by Wight but no type 
was indicated. Within the protologue, Bentham gave only the name of collector, but did not provide locality, date, 
or collection number. Pertaining to this specification, only two specimens of Wight are now extant, K1116341 

and P738033. Although Benthams main types are held at K, he also consulted collections at P while working on 
Lamiaceae. Whether he examined both specimens is unclear, but both belong to the original gathering. Therefore, 
both are considered to be original material. Of these two specimens, the best one and better preserved specimen, 
P738033, is designated here as the lectotype as it agrees well with the protologue. 

16. Leucas stelligera Wall, ex Benth., Plantae Asiaticae Rariores 1:61 (1830) 

Type citation: “Wall. Cat. Herb. Ind. n. 2049”, “Hab. Aurangabad.” 

Lectotype (here designated): India, Maharashtra state, Aurangabad, March 1823, Wallich cat. n. 2049 
(K1114996!); isolectotype: CAL! Fig. 16 

Residual syntypes: India, anno 1829, Wallich cat. n. 2049 (K929520! and K929521!) 

Distribution: India (Andhra Pradesh, Daman, Diu, Goa, Gujarat, Jammu and Kashmir, Karnataka, Kerala, 
Maharashtra, Tamil Nadu and West Bengal) and Sri Lanka. 

Notes: Bentham (1830) described Leucas stelligera based on the specimens of Wallich cat. n. 2049, but no 
specific herbarium sheet was designated as the holotype. Pertaining to this specification, four specimens of 
Wallich cat. n. 2049 were known (CAL, K929520, K929521 and K1114996). From the three specimens at K, the 
best one and better preserved, K1114996, is designated here as the lectotype as it agrees well with the protologue 

and also locality Aurangabad [Aurangabad] clearly written on this sheet as mentioned in protologue. 

17. Leucas stricta Benth., Plantae Asiaticae Rariores 1:61 (1830) 

Type citation: “Wall. Cat. Herb. Ind. n. 2045”, “Phlomis stricta, Herb. Heyne.”, “Hab.(Herb. Heyne.)” 

Lectotype (here designated): India, Tamil Nadu, Tiruvallur district, Pulicat hills, without date, Wallich cat. n. 
2045 (K1114983!) Fig. 17 

Residual syntypes: India, anno 1829, Wallich cat. n. 2045 (CAL! and K929547!) 

Distribution: India (Andhra Pradesh, Gujarat, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, 
Odisha, Rajasthan, Tamil Nadu and Uttar Pradesh) and Myanmar. 
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Fig. 14. Lectotype of Leucas pubescens (E00301308, © Royal Botanic Garden, Edinburgh). 
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Fig. 15. Lectotype of Lucas rosmarinifolia (P00738033, © Museum National D’Histoire Naturelle, Paris). 
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Fig. 16. Lectotype of Leucas stelligera (K001114996, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 17. Lectotype of Leucas stricta (K001114983, © the Board of Trustees of the Royal Botanic Gardens, Kew). 



418 Telopea 18: 395-424, 2015 Singh 

Notes: Bentham (1830) described Leucas stricta on the basis of specimens of Wallich cat. n. 2045, but no specific 
herbarium sheet was designated as the holotype. Pertaining to this specification, three specimens of Phlomis 
stricta, Herb. Heyne, Wallich cat. n. 2045 are traced (CAL, K929547 and Kll 14983). The date 1829 mentioned 
on the two sheets, CAL and K929547, is given by Wallich not by B. Heyne. Only the two specimens at K have 
been considered as suitable lectotype specimens for this name. The best preserved specimen, Kll 14983, is 
designated here as the lectotype as it agrees well with the protologue and also on the top of this specimen 
Phlomis stricta is written by B. Heyne as mentioned in the protologue. 

18. Leucas suffruticosa Benth., Labiatarum Genera et Species 611 (1834) 

Type citation: “Hab. in Indiae orientalis Peninsulae montibus Nielgherri dictis Wight! (h. s. sp. comm, a cl. 
Wight et e Mus. Angl. Ind.” 

Lectotype (here designated): India, Peninsula Indiae Orientalis [Peninsular India], without date, Wight 2157 
(K929517!) Fig. 18 

Residual syntypes: India, Peninsula Ind. orientalis [Peninsular India], without date, Wight 2158 (E301310!- 
301313!); Peninsula Ind. orientalis, without date, Wight 2158 (K929519!); Peninsula Indiae Orientalis, without 
date, Wight 2157 (P738034!); Peninsula Ind. orientalis, without date, Wight 2158 (P738035! and P738037!) 

Distribution: India, endemic and rare (Andhra Pradesh, Karnataka and Tamil Nadu). 

Notes: Bentham (1834) described Leucas sujfruticosa based on the specimens from Peninsular India collected 
by Wight, but no type was indicated. Within the protologue, Bentham gave only the name of the collector and 
locality, but did not provide date, collection number or the name of herbarium where the specimen(s) were 
housed. Pertaining to this specification, nine specimens of Wight collected from Peninsular India were traced 
(E301310-301313, K929517, K929519, P738034, P738035 and P738037). Benthams main type herbarium is K. 
Therefore, only the two specimens at K have been considered as suitable lectotype specimens for this name. The 
best one and better preserved, K929517, is designated here as the lectotype as it agrees well with the protologue. 

19. Leucas vestita Benth. var. angustifolia Hook.f., Flora of British India 4: 687 (1885) 

Type citation: “Sisparah, Wight; Palghat hill range, Beddome.” 

Lectotype (here designated): India, Kerala state, Sisparah [Sispara], without date, Wight 32 (K929534!) Fig. 19 

Distribution: India, endemic and rare (Kerala and Tamil Nadu) 

Notes: J.D. Hooker (1885) described Leucas vestita var. angustifolia based on two gatherings from Sisparah 
(Wight) and Palghat hill range (Beddome) but no specific herbarium sheet was designated as the holotype. At 
present only one specimen (K929534) of Wight from Sisparah annotated by J.D. Hooker as CL. vestita Bth var. 

angustifolia Hf ’ is extant now and is chosen here as the lectotype as it agrees well with the protologue. 

20. Leucas vestita Benth. var. oblongifolia Hook.f., Flora of British India 4: 687 (1885) 

Type citation: “Courtallum, Wight.” 

Lectotype (here designated): India, Tamil Nadu state, Tirunelveli district, Courtallum, anno 1836, Wight 730 
(K929532!) Fig. 20 

Residual syntype: India, Tamil Nadu state, Tirunelveli district, Courtallum, anno 1835, Wight 611 (K929533!) 

Distribution: India, endemic and rare (Tamil Nadu). 

Notes: J.D. Hooker (1885) described Leucas vestita var. oblongifolia based on the gathering of Wight from 
Courtallum but no specific herbarium sheet was designated as the holotype. Two herbarium specimens with 
J.D. Hooker s annotation ‘L. vestita Benth var. oblongifolia Hf ’ are extant at K and these should be considered 
as original material (K929532 and K929533). The best one, K929532, is designated here as the lectotype, as it 
agrees well with the protologue and also in having dissected flower parts pasted on the sheet. 
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Fig. 18. Lectotype of Leucas suffruticosa (K000929517, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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HERR. II. WIGHT,, I’ltOP. 

Presented 1871. 

Fig. 19. Lectotype of Leucas vestita var. angustifolia (K000929534, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 20. Lectotype of Leucas vestita var. oblongifolia (K000929532, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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Fig. 21. Lectotype of Leucas vestita var. sericostoma (BM001053830, © British Museum of Natural History, London). 

21. Leucas vestita Benth. var. sericostoma Hook.f., Flora of British India 4: 687 (1885) 

Type citation: “Anamallay hills, Beddome! 

Lectotype (here designated): India, Tamil Nadu state, Anamallay [Anaimalai] hills, without date, R.H. Beddome 
s.n. (BM1053830!); isolectotype: K929529,p.p.\ Fig. 21 

Distribution: India, endemic and rare (Tamil Nadu). 

Notes: J.D. Hooker (1885) described Leucas vestita var. sericostoma based on the gathering of Beddome from 
Anamallay hills but no specific herbarium sheet was designated as the holotype. Two herbarium specimens 
with J.D. Hooker’s annotation Var. sericostoma Hf ’ are traced and these should be regarded as original material 
(BM1053830 and K929529). Of these, the best one and better preserved sheet, BM1053830, is designated here 
as the lectotype, as it agrees well with the protologue and also in having dissected flower parts pasted on the 
sheet. The K herbarium sheet is a mixed collection, the lower half plant specimen belong to Beddome from 
Anamallay hills, whereas the upper half is from Herb. Wight. 
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Fig. 22. Lectotype of Leucas wightiana (K000929566, © the Board of Trustees of the Royal Botanic Gardens, Kew). 
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22. Leucas wightiana Wall, ex Benth., Plantae Asiaticae Rariores 1: 60 (1830) 

Type citation: cHab.Herb. Wight.’ 

Lectotype (here designated): India, anno 1829, Herb. Wight, Wallich cat. n. 2520 (K929566!) Fig. 22 

Residual syntypes: India, without date, Herb. Wight, Wallich cat. n. 2520 (CAL!, E179485! and K1116340!); 
Peninsula Indiae Orientalis [Peninsular India], without date, Wight 2161 (M186061!) 

Distribution: India, endemic (Andhra Pradesh, Gujarat, Karnataka, Kerala, Madhya Pradesh, and Tamil Nadu). 

Notes: In the protologue of Leucas wightiana, Bentham (1830) indicated only cHab.Herb. Wight’ as type 
citation but no specific herbarium sheet was designated as the holotype. Pertaining to this specification, five 
specimens of Herb. Wight, four belonging to Wallich cat. n. 2520 and one of Wight 2161 were traced (CAL, 
E179485, K929566, K1116340 and M186061), which should be considered as original material. Since Bentham’s 
main type herbarium is K, only the two K specimens are considered as suitable lectotypes specimens for this 
name. The best one and better preserved sheet, K929566, is designated here as the lectotype as it agrees well 
with the protologue and also in having dissected flower parts and drawing pasted on the sheet by J.S. Gamble 
while working on Flora of Madras. 
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Abstract 

A root parasitic plant, Christisonia mira J.Mathew (Orobanchaceae) is described as a new species from the 
Kerala part of southern Western Ghats, India. 

Introduction 

Christisonia Gardner is an achlorophyllous (holoparasitic) genus comprising c. 17 species distributed in India, 
Sri Lanka, Laos, SW China, Thailand and Malesia (Nickrent 2012). According to Benniamin et al. (2012), ten 
species of Christisonia have been recorded in India, of which, six species viz., C. bicolor Gardner, C. calcarata 
Wight, C. indica Anil Kumar, C. keralensis Erady, C. neilgherrica Gardner and C. tubulosa (Wight) Hook.f. 
are recorded from the Kerala part of the Western Ghats (Nayar et al. 2014). Sasidharan (2013) indicated that 
C. indica and C. tubulosa are endemic to the southern Western Ghats; C. bicolor and C. neilgherrica (=Campbellia 
cytinoides Wight) are Indo-Sri Lanaka linkage taxa; C. calcarata is a south Indian element and, C. keralensis 
is a southern Western Ghats, north east element. Mathew and George (2015) recently added C. tomentosa 
J.Mathew Sc K.V.George, as new from the Kerala part of southern Western Ghats. Botanical explorations in the 
Achankovil forests during 2009-2014 yielded specimens of Christisonia that we feel are sufficiently distinctive 
to warrant taxonomic recognition as a new species. Christisonia mira J.Mathew is here described and illustrated. 

Taxonomy 

Christisonia mira J.Mathew, sp. nov. (Figs 1-4) 

Diagnosis: Christisonia mira is morphologically most similar to C. bicolor Gardner, but differs from that species 
in having: a red, 4 cm long corolla (corolla yellow, 6 cm long in C. bicolor); bracteoles elliptic to oblanceolate, 
5 mm long (8 mm long, lanceolate or acute in C. bicolor); racemes of 8 or 9 flowers (racemes of 5 or 6 flowers 
in C. bicolor), and stamens non didynamous and 2.5-2.7 cm long (stamens didynamous, 3-3.5 cm long in 
C. bicolor). C. mira is also morphological similar, with similar ecological preferences to those of C. tomentosa 
and C. neilgherrica but differs from these species as indicated in Table 1. 

Type: India, Western Ghats, Kerala, Kollam district, Vellakkaltheri, altitude 1800 m, 9°07'H" N, 77°13'05" E, 
9 Jun 2012, Jose Mathew 3076 (holo: MH; iso: TBGT). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Christisonia mira extent of currently known distribution in the Kollam district of the Western Ghats, India. 

Herbs, erect to 5-6 cm, achlorophyllous, parasitic on the roots of Strobilanthes luridus Wight., hairy. Roots 
very numerous, wiry, profusely branched, up to 1.5 mm thick, with haustoria at the place of contact with 
the host roots and developing many adventitious buds. Stem unbranched, with whorled, oblanceolate bracts. 
Inflorescence racemose, 8- or 9-flowered. Bracts 5 mm long, 2-3 mm wide, light brownish, glabrous. Pedicels 
1 cm long, 3-5 mm thick, erect, pink. Bracteoles 2, elliptic to oblanceolate, 5 mm long, 3 mm wide. Flower 
buds glandular hairy, covered with copious translucent tasteless slime when young. Calyx 5, 1.2 cm long, 0.6- 
0.8 cm wide, base creamy white, lobs red, tubular-campanulate with slight median zygomorphy, tube split at 

the top to one third the length into 5 subequal triangular valvate lobes with acute apex. Corolla tube 3-3.5 cm 
long, red-coloured, trichomes on both sides, lower half closely appressed to the ovary, upper half inflated; 
throat yellowish with a tinge of orange; tube expanding into a sub-bilabiate 5-lobed limb; lobes 0.8-1 cm long, 
orbicular reniform, imbricate, anterior three lobes somewhat equal and slightly smaller than the posterior 
lobes. Stamens 4, inserted at the constricted part of the corolla tube, included, non didynamous; filaments 
light purplish, 2.5-3 cm long, glandular hairy throughout; anthers pale purplish, two-celled, one of the cells 
fertile, ovate, base sharply spurred with tip curved outwards; connective with a prominent swelling on one side. 
Pollen grains with smooth wall. Ovary of 2 median carpels, syncarpous, superior, unilocular with a tendency 

to become bilocular at the base; placentae 2, parietal, bipartite, tips expanding into fleshy portions; ovules 180- 
200 pm long, 125-150 pm broad, numerous, anatropous and arising from the entire surface of the placenta; 
style glabrous, 3-3.5 cm long, included but reaching above the level of the anthers; stigma peltate and with a 
narrow depression in the centre. Fruit a capsule, pyriform, ca 1.4 x 1.8 cm, unilocular, enclosed by persistent 
calyx. Seeds minute, numerous. 

Other specimen examined: INDIA: Kerala: S Western Ghats, Kollam district, Vellakkaltheri, 9 Jun 2013, Jose 
Mathew 3094, 3095 (TBGT). 

Etymology: The specific epithet mira refers to the wonderful appearance of this new species. 

Distribution and ecology: Christisonia mira is endemic to the Southern Western Ghats, currently known only 
from two localities from Vellakkaltheri in the Kollam district (Fig. 1). The species grows on the wet roots of 
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Strobilanthes luridus Wight at altitudes of c. 1800 m. It is found in association with Ophiopogon intermedius 
D.Don (Asparagaceae) and Elatostema acuminatum (PoirJ Brongn. (Urticaceae). 

Flowering: Flowers and fruits in June. 

Conservation status: Christisonia mira is currently known only from 2 localities of Achankovil reserve 
forest area (Vellakkaltheri in the Kollam district), each separated by 800 m. A total of 90 mature individuals 
were found in the area. The data gained from the field studies were evaluated according to the IUCN (2015) 
categorization and at least “vulnerable” status has been proposed for the species. 

Remarks: Christisonia mira is a holoparasite growing on the roots of Strobilanthes luridus. Christisonia 
tomentosa, also grows on the roots of the same host at northern Achankovil. Strobilanthes luridus is an endemic 
species, occupying a very restricted area in the evergreen forests of southern Western Ghats (Sasidharan 2013). 

Thorogood et al. (2007) evinced that host specificity is a driving force in the evolution and speciation of 
parasitic plants. An enhanced understanding of the evolution, cell biology, and physiology of host specificity 
in this, and related taxa is crucial. 

Key to the Christisonia in southern Western Ghats 

1. Anthers not spurred.7 

1. Anthers spurred.2 

2. Inflorescence 15-26 cm long, flowers loosely arranged in racemes. C. tubulosa 

2. Inflorescence up to 10 cm long, flowers compactly arranged in racemes.3 

3. Racemes of 3 or 4 flowers; calyx 1.7-2 cm wide, conceals most of corolla-tube. C. indica 

3. Racemes of >5 flowers; calyx campanulata, up to 1.5 cm wide, conceals 1/3 of corolla tube.4 

4. Corolla lobes white or cream.5 

4. Corolla lobes red or yellow.6 

5. Pedicels as long as the calyx or shorter. C. calcarata 

5. Pedicels longer than the calyx (3 cm long) . C. keralensis 

6. Stamens not didynamous, anthers elliptic to oblanceolate; corolla throat orange-tinged .C. mira 

6. Stamens perfectly didynamous, anthers lanceolate or acute, corolla throat concolourous with corolla tube . 
.C. bicolor 

7. Corolla lobes red, stamens didynamous . C. tomentosa 

7. Corolla lobes yellow, stamens equal in length.C. neilgherrica 
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Fig. 2. Christisonia mira: a,b, plants in natural habitat. /. Mathew 3076. Photograph: J. Mathew 
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Fig. 3. Christisonia mira: a, unopened flowers with hairs; b, flowers. /. Mathew 3076. Photograph: J. Mathew 
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Fig. 4. Christisonia mira: a, opened flower; b, inflorescence; c, flower showing stamens and peltate stigma; d, flower bracts and 

bracteoles; e, Stamen with spurred anthers and stigma with depressed cavity; f, fruit. /. Mathew 3076. photograph: J. Mathew. 
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Table 1. Ecological and morphological differences between Christisonia mira, C. bicolor, C. tomentosa and C. neilgherrica 

Character C. mira G bicolor C. tomentosa C. neilgherrica 

Host Strobilanthes luridus Strobilanthes spp. 

Incl. S. lurid us 

Strobilanthes luridus shrubs 

Height 5-6 cm 8-12 cm 5-6 cm 5-6 cm 

Flowers per 

inflorescence 

8-9 5-6 10-12 10-12 

Bracteoles elliptic—oblanceolate, 

5 mm 

lanceolate or acute, 

8mm 

elliptic—oblanceolate, 

5 mm 

lanceolate or acute, 

8-10 mm 

Corolla colour and 

tube length 

red, 3-3.5cm long yellow, 6 cm long red, 4 cm long yellow, 6 cm long 

Colour corolla throat yellow to orange yellow red yellow 

Stamen form and 

filament colour 

purple, non- 

didynamous 

yellow, didynamo us red, didynamous yellow, non- 

didynamous 

Anthers Pale purple, spurred white, spurred purplish, not spurred white, not spurred 
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Abstract 

Fimbristylis karthikeyanii (Cyperaceae) is a new name for an Indian endemic species, Fimbristylis breviculma 
Govind., as it is a homonym. 

Introduction 

During the preparation of the supplement to the flora of Cyperaceae of India, we found that the name Fimbristylis 
breviculma Govind., an endemic species of the state Karnataka (Govindarajulu 1996; Prasad and Singh 2002; 
Wadood Khan 2014) is a homonym of Fimbristylis breviculmis Boeckeler (Boeckeler 1858) according to 

Articles 53.3 and 53.5 of the ICN (McNeill et al. 2012), and as voted by the Nomenclature Committee for 
Vascular Plants (Brummitt 2011). The Committee noted that it is arguable that the epithet ‘breviculma is a 
misspelling of‘breviculmis’, in which case the name would be considered a later homonym (Art. 53.1). In either 
case, a replacement name is needed and is proposed here for this endemic species. 

Nomenclature 

Fimbristylis karthikeyanii Kottaim. Sc Gnanasek., nom. nov. 

Replaced synonym: Fimbristylis breviculma Govind., Rheedea 6(2): 61 (1996), nom. illeg., non 
Fimbristylis breviculmis Boeckeler, Flora 41: 643 (1858). 

Type: India. Karnataka: Shimoga district, Agumbe, Nishaniguda, Govindarajulu 8870A (Holo, CAL). 

Etymology: The specific epithet is given in honour of Dr. S. Karthikeyan, Retired Scientist, Botanical Survey of 
India, Western Regional Centre, Pune, for his outstanding contributions to the field of Plant Taxonomy. 

Distribution: INDIA (Karnataka). Endemic 

© 2015 Royal Botanic Gardens and Domain Trust 
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Abstract 

The small, annual herb Sedum caespitosum (Cav.) DC. (Crassulaceae), native to the Mediterranean, was first 
recorded as naturalised in New South Wales in 2009 from near Orange and more recently in 2014 from near 
Goulburn. In both localities it was recorded from roadside areas, often being locally common and forming 
dense colonies. The ability of this species to grow in challenging habitats, as seen in its natural habitats overseas, 
in association with occurring in roadside localities, indicates S. caespitosum has the potential to become 
more widespread as a roadside weed with the possibility of spreading into new regions and other habitats. A 
description of the species is provided as well as a key to the species of Sedum occurring in New South Wales. 

Introduction 

Sedum caespitosum (Cav.) DC. (Crassulaceae), commonly known as Tiny Stonecrop or Broad-leaved Stonecrop, is a 
small annual herb native to Mediterranean and sub-Mediterranean regions of Europe, the Middle East and northern 
Africa where it commonly grows in skeletal soils, often in rocky or stony areas. In Australia, it was previously known 
only from Victoria (Toelken et al. 1996, Willis 1972), with the earliest herbarium specimen collected from near 

Creswick in 1934 (held at MEL; CEIAH 2015a). It was first recorded as naturalised in New South Wales in 2009 from 
Lucknow near Orange and more recently in 2014 from an area along the Hume Highway near Goulburn. 

Like many plants currently recognised as part of the flora of New South Wales and included in published floras 
(eg Harden 1990-1993,2000,2002, PlantNET 1999 onwards), Sedum caespitosum came to the attention of staff 
at the National Herbarium of New South Wales (NSW) from specimens received for identification or advice. 
This paper provides an account of the first naturalised records of the taxon in the State and alerts readers of 
a new introduction and possible weed threat. With this awareness, the description and illustrations will assist 
with the identification of S. caespitosum and provide information for including its distribution in New South 

Wales in the Australian Plant Census (CHAH 2015b). 

Methods 

The description of Sedum caespitosum is based mainly on morphological observations and assessment of 
specimens from New South Wales held at NSW (including duplicates distributed to other herbaria), as well as 
Australian flora treatments, including Kodela (2014), Toelken et al. (1996) and Willis (1972). Botanical regions 
cited for New South Wales follow those of Anderson (1961) and Jacobs and Pickard (1981). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Description 

Sedum caespitosum (Cav.) DC. Prodromus Systematis Naturalis Regni Vegetabilis 3: 405 (1828) 

Crassula caespitosa Cav., leones et Descriptiones Plantarum 1: 50, tab. 69, fig. 2 (1791); Tillaea rubra L., Species 
Plantarum 1:129. (1753); Sedum rubrum (L.) Thell., Repertorium Specierum Novarum Regni Vegetabilis 10:290 
(1912), nom. illeg. 

Illustrations: Anonymous (2015a), Castroviejo and Velayos (1997, p. 141, lam. 39a-g), Hart and Eggli (2003, 
p. 42), Richardson et al. (2011, p. 282), Scheda Botanica (2015), Stephenson (1994, p. 107, fig. 5.10), Toelken et 
al. (1996, p.554, fig. 114d). 

Erect annual herb 1—5(—6) cm high, single-stemmed or with several branches above (the stems sometimes 
irregularly bent), glabrous, green to reddish. Leaves succulent, ovate to broadly elliptic or elliptic-oblong, 
sometimes obovate, obtuse, (2-)3-6 mm long, alternate, often overlapping, sessile, green or reddish, caducous. 
Flowers 1-3, in short terminal cymes, sessile, 4- or 5-merous; sepals ovate to triangular, acute, c. 1 mm long; 
petals narrowly lanceolate to elliptic, acute to acuminate, to 3 mm long, white often tinged red or pinkish red, 
often with red or green keel, ascending-spreading; stamens 4 or 5. Fruit follicles to c. 4 mm long, narrow, stellately 
spreading, apically pointed; seeds ± ellipsoid, c. 0.5 mm long, pale brown, finely costate with longitudinal 
ridges. Some plants may be diminutive with smaller features than described above. Figs 1,2 

Notes: Extra-Australian descriptions of the species indicate that plants can be taller (to 15 cm high) and with 
larger flowers (petals to 4 mm long) than seen in New South Wales (Anonymous 2015b, Bayer et al. 1989, 
Castroviejo and Velayos 1997, Duchon 2012, Hart and Eggli 2003, Stephenson 1994). Sedum caespitosum is 
characterised by its rapidly spreading, narrow, acute carpels maturing brown-red (the wide-spreading carpels 
are patent soon after the buds burst), a single whorl of stamens, and narrow, ephemeral petals (Stephenson 
1994). The foliage turns red in full sun. Plants can form dense mats and dominate the ground cover, which can 
often be observed as prominent red patches. 

Flowering: spring and summer. 

Distribution: native to southern Europe and parts of the Middle East (Western Asia), from Portugal to Syria 
and Israel, and in northern Africa in Morocco; probably eastern Mediterranean origin (Duchon 2012, Hart 

and Eggli 2003). In Australia, Sedum caespitosum is naturalised in Victoria (several records, including the areas 
between Melbourne and Geelong, between Clunes and Creswick, Hepburn and near Macedon), and in New 
South Wales (known from near Orange and southwest of Goulburn). 

Habitat and abundance: in its natural habitats, Sedum caespitosum occurs in rocky and stony places, commonly 
in shallow, often gravelly soils; also in disturbed places such as roads and pastures. In Australia, it has been 
recorded in open areas, disturbed roadside verges, grassy areas, mown areas; often locally common. 

At Lucknow (see NSW798617, NSW798618), Sedum caespitosum was growing in a roadside locality in a mowed, 
shallow rocky area, adjoining a car park. Plants were bright red in colour through to green and there were more 
than 1,000 plants covering an area of 30 square metres. Near Goulburn (see NSW870840), S. caespitosum was 
growing on a medium strip verge near a highway, in skeletal soil/detritus atop of pavement (not in grass and 
weeds), being most prolific on turning bay areas. The small succulent plants were ruby red in full sun, green in 
partial shade, localised but common, forming dense colonies. Figs 3,4 

Specimens examined: NEW SOUTH WALES: Central Tablelands: corner Millthorpe Road and Mitchell 
Highway,Lucknow,N.Boyds.n.,28Sep2009 (NSW798617);zHd.N. Boyds.n.,Nov 2009 (NSW798618); Southern 

Tablelands: Hume Highway medium strip verge between Federal Highway junction and Wollogorang Creek, 
[SW of Goulburn], R. T. Miller & ]. Miller s.n., 3 Oct 2014 (AD, BRI, CANB, MEL, NSW870840). 

Weed status: Sedum caespitosum is not listed as a declared noxious or invasive weed species, and has not been 
reported as a major weed problem causing significant impacts; there being only a limited number of accounts 
in Australia. Its inclusion in international weed lists such as HEAR (2015) and Randall (2002, 2012) is based 
on weed reports for Victoria. 

The fine seeds of Sedum caespitosum would be spread by wind and water, as well as potentially be transported 
in the movement of soil and turf such as in the case of roadside works or in the traction of vehicle tyres. 
Roadways provide ideal corridors for the spread of many naturalised taxa. In New South Wales S. caespitosum 
is currently only known from disturbed sites, with no reports as an environmental or agricultural weed. It does 
however have the potential to spread and form large colonies that could possibly compete with other annual 
species. This alert to the presence of S. caespitosum in New South Wales is a step towards increasing awareness 
of its presence which may lead to further findings and a better understanding of its weed potential. 
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Sedum caespitosum (Cav.) DC. 
re. NSW870840 — Hume Hwy, 

SW of Goulburn. 

Fig. 1. Sedum caespitosum specimens showing variation in foliage colour from green to red (voucher NSW870840p.p.). 
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Fig. 2. Fertile stems of Sedum caespitosum showing white to pink or reddish tinged inflorescence and succulent leaves 

(voucher NSW870840 p.p.). 

Confusing species: Sedum caespitosum is one of ten Sedum taxa naturalised in Australia (CHAH 2015b). In New 
South Wales where there are five species, S. album and S. acre have leaf sizes within the range of S. caespitosum, 
however these species are distinguished by different habits, leaf features and/or flowers (see key below). Some 
Crassula species may look similar but are distinguished from Sedum by the flowers, where Crassula has as many 
stamens as petals while in Sedum there are twice as many stamens as there are petals. Infertile plants of Sedum 
caespitosum could possibly be mistaken for other low herbaceous species with small leaves. 
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Key to the species of Sedum in New South Wales 

(Modified from Everett and Norris 2015) 

1 Flowers white, pink or tinged red 

2 Perennial mat-forming herb to laxly tufted subshrub with creeping woody stems; leaves 4-12 mm long; 
inflorescence a dense ± corymbose cyme; petals white or rarely pink. S. album 

2: Annual herb with erect or sometimes bent stem(s), single-stemmed to several-branched; leaves 2-6 mm 
long; inflorescence a short terminal 1-3 flowered cyme; petals white often tinged red or pinkish red .. 
.S. caespitosum 

1: Flowers yellow 

3 Feaves 30-50 mm long, spathulate.S. praealtum 

3: Feaves not as above 

4 Feaves linear-terete, 6-12 mm long; flowers usually 7-merous. S. rupestre 

4: Feaves triangular to ovoid, to 5 mm long; flowers mostly 5-merous. S. acre 

Fig. 3. Sedum caespitosum growing alongside the Hume Highway near Goulburn, New South Wales (voucher NSW870840); 

the locally abundant population occurs as dense red patches and scattered plants in the roadside verge. Photo: R. Miller. 
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Fig. 4. Patch of Sedum caespitosum at site near Goulburn, showing the small herb habit of the plants that are commonly 

reddish in areas of full sunlight (voucher NSW870840). Photo: R. Miller. 
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Abstract 

Schismatoglottis meriraiensis P.C.Boyce & S.Y.Wong, is described from Bukit Merirai, an isolated forested 
Karst limestone outcrop on the Bintulu/Kapit border of N Central Sarawak. Additional to a suite of defining 
characteristics, S. meriraiensis is remarkable by possessing natural viviparous capabilities from whole, partial, 
and fragmentary leaves. This quality is shared with Schismatoglottis puberulipes Alderw. (expanded here to 
include Schismatoglottis gamoandra M. Hotta), and in a different expression (restricted to the mid-rib and 
terminal tubule of the blade), with Schismatoglottis hayi S.Y.Wong & P.C.Boyce, of the Multinervia Complex, 
to which S. meriraiensis and S. puberulipes are here assigned. 

Introduction 

Bornean Araceae display a marked degree of geological obligations, of which association with Karst limestone 
is the best reported (see Boyce and Wong 2015 for a bibliography to date). In areas with spatially isolated 
limestone outcrops geological obligation is often associated with allopatric local endemism of individual 
species within clusters of related species (Ting et al. 2012; Wong 2010; Wong and Boyce 2011). 

Here we describe a taxonomically novel locally endemic species from Bukit Merirai, an isolated forested Karst 
limestone outcrop on the Bintulu/Kapit border of N Central Sarawak, and most similar to two species, both 
limestone-restricted - S. multinervia M.Hotta (endemic to Mulu c. 200 km to the NE) and S. hayi S.Y.Wong & 
P.C.Boyce (Niah Caves c. 120 km to the north) of the Multinervia Complex (Wong and Boyce 2011). 

Additional to a unique suite of defining characteristics, S. meriraiensis is remarkable for possessing naturally 
viviparous capabilities from whole, partial, and fragmentary leaves. This quality is held in common with 
shale-restricted Bornean Schismatoglottis puberulipes Alderw. (here expanded to encompass Schismatoglottis 
gamoandra M.Hotta), and shared, in a different expression (plantlets restricted to the mid-rib and terminal 
tubule of the blade), with Schismatoglottis hayi. Dimensions used in the descriptions are derived from fertile 
(i.e. mature) plants. Seedlings will have overall smaller measurements. In verifying geological occurrences for 
this paper we have been much assisted by the excellent geological map of Tate (2001). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. l.Schismatoglottis meriraiensis P.C.Boyce & S.Y.Wong. A, cultivated plant; B, leaf blade, abaxial surface; C, adventitious 

plantlet arising from abaxial surface of a portion of a leaf blade; D, inflorescence at pistillate anthesis (note inflated spathe 

limb); E, inflorescence at staminate anthesis (note spreading spathe limb starting to deliquesce); F, spadix at pistillate 

anthesis (spathe artificially removed). A-F from AR-1281. Images © P.C. Boyce. 
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Taxonomy 

Schismatoglottis meriraiensis P.C.Boyce & S.Y.Wong, sp. nov. 

Diagnosis: Schismatoglottis meriraiensis is distinguished from 5. puberulipes by the upper surface of the leaf 
blades lacking raised tessellate venation, erect (vs reflexed) petioles that are about twice as long as leaf blades 
(vs petioles c. % length of blades), and leaves erect (not arranged in a ground-hugging rosette). Schismatoglottis 
meriraiensis is readily differentiated from S. hayi by having the staminate flowers very tightly packed (vs 
somewhat lax), purple-red longitudinally ridged petioles and by lacking growth points along the distal-most 
portion of the leaf blade under-surface midrib. 

Type: MALAYSIA (Malaysian Borneo): Sarawak: Bintulu, Bukit Merirai, 02°46'26.9"N 113°39'19.8"E, S. Julia 

et al. S.95787, July 2005, (holo: SAR!; iso: SAR - spirit preserved!). 

Small herb to c. 20 cm tall, but mostly half this, vegetative tissues very weakly aromatic (terpenoids). Stem 
condensed, hypogeal, rather stout, c. 1 cm diam. Leaves c. 10 together; petiole 3-14 cm long, rather slender, 

D-shaped in cross-section, stiff, longitudinally weakly ridged, red-purple, sheathing in the lower lA-2/5 
(sometimes sheathing for the entire length in the leaf below an inflorescence); wings of sheath almost fully 
attached except for a blunt apical free portion c. 5 mm long, membranous, spreading, sometimes somewhat 
crisped, glabrous; blade oblong-cordate to oblong-ovoid, 8-13 cm long, 3.2-5.5 cm wide, very dark green semi 
glossy adaxially, noticeably paler abaxially, base narrowly but distinctly cordate with rounded posterior lobes 
1-2 cm long, tip obtuse, ultimately briefly rostrate; midrib abaxially prominent, adaxially slightly sunken; 
primary lateral veins 11-12 on each side of the midrib, alternating with lesser interprimaries, both diverging 

at 70°, then rather sharply acropetally deflected before reaching the margin, adaxially somewhat prominent 
near the midrib; secondary venation arising from both the midrib and the bases of the primary veins, fine, 

abaxially slightly darker than surrounding tissue; tertiary venation forming a faint tessellate reticulum abaxially. 
Inflorescence solitary, subtended by a strongly 2-keeled stout red-purple prophyll; peduncle terete, very weakly 
longitudinally ridged, tinged red-purple where exposed, otherwise whitish. Spathe c. 4.5 cm long; lower spathe 
ovoid, c. 1.75 cm long, 1.3 cm wide, differentiated from the limb by a distinct constriction, glossy medium green 
with slightly darker longitudinal veining; spathe limb broadly ovate, tip apiculate, initially inflated and glossy 
white at onset of pistillate anthesis, then gaping and rapidly deliquescing above constriction. Spadix c. 4 cm 
long, sessile, pistillate flower zone somewhat conic, strongly obliquely attached to spathe/peduncle, dorsally 
c. 1 cm long, ventrally c. 1.5 cm long; pistils slightly lax, ellipsoid-globose, c. 1 mm diam., bright green; stigma 
sub-sessile, button-like, slightly more than half diameter of ovary, papillate, producing a conspicuous droplet 
at pistillate anthesis; sub-pistillar staminodes confined to a single row and a few scattered individuals around 
the base of the pistillate zone, tongue-shaped with the head triangular to rhomboidal, c. 1 mm wide, glossy 
white; sterile interstice c. 4 mm long, slightly narrower than top of pistillate zone, and base of staminate zone, 
clothed with rhomboidal staminodes, these c. 1.5 mm long, 2 mm wide at the tip, glossy white; staminate flower 
zone obconoid, c. 1.3 cm long, basally c. 4 mm diam., apically c. 6 mm diam., ivory; stamens very crowded, 
with individual flowers hardly discernible, c. 0.5 mm diam., truncate; appendix rather broadly ellipsoid, blunt- 
tipped, isodiametric with staminate zone, c. 1 cm long, 6 mm wide, ivory; appendix staminodes irregularly 

polygonal more or less flat-topped c. 0.7 mm diam. Fruiting spathe, fruits, and seeds not observed. Fig. 1. 

Distribution and Habitat: Schismatoglottis meriraiensis is known only from the Type locality of Bukit Merirai, 
where it is highly localized. At Merirari it grows on shady ledges and in humus-filled pockets along the bases 
of forested limestone at elevations of c. 95 m. 

Etymology: The specific epithet is combined from Latin, ensis, meaning ‘from’, and the known locality of 
Merirari, hence the Schismatoglottis from Merirari. 

Notes: Schismatoglottis meriraiensis falls uncontroversially in the Schismatoglottis Multinervia Complex (Wong 
and Boyce 2011) by the combination of vegetative tissues aromatic (terpenoids) when crushed, a fully adnate 
petiolar sheath, a strongly hourglass-shaped spadix, and by the 1-2 rows of large staminodes in at the junction 
of the pistillate zone with the spathe. Spathe limb senescence mechanics, however, of S. meriraiensis differs from 
that of S. multinervia and S. hayi, the only two species until now assigned to the Multinerva Complex, by not 
darkening prior to staminate anthesis and by the limb deliquescing, not splitting into recurving strips (compare 
Figs IE and 2D, 2E and 3C). However, morphologically S. puberulipes clearly belongs to the Multinervia Complex, 
and has a spathe limb which deliquesces (Fig. 4G) in much the same manner as that of S. merirariensis. 

Production of adventitious plantlets arises in S. meriraiensis and S. puberulipes from any portions of damaged 
leaves (Figs 1C, 4D), whereas in S. hayi plantlets only arise from the distal-most portion of the mid-rib on the leaf 
blade undersurface (Fig. 2B). To date plantlet production has not been observed in wild S. multiflora, although 
artificial removal of leaf blades enables propagation from induced plantlets arising along the mid-veins. 
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The Schismatoglottis Multinervia Complex 

The Multinervia Complex now consists of the following four species: 

1. Schismatoglottis hayi S.Y.Wong & P.C.Boyce, Acta Phytotaxonomica et Geobotanica 60(3): 135-137, Fig. 2 (2011). 

Type: Malaysia (Malaysian Borneo): Sarawak: Miri, Niah National Park, Batu Niah, A. Hay & al. 9369 5 Feb 1994, 
ex Cult. RBG Sydney, Acc. No. 940520 sub. C. Herscovitch s.n. (holo: K!; iso: KEP!, L!, NSW, SAR!, US!). Fig. 2. 

Schismatoglottis puberulipes sensu A. Hay & Yuzammi, Telopea 9(1): 77-79, Fig. 9 (2000), descr. p. maj. p. excl. 
typ. non Aldwer. (1922). 

2. Schismatoglottis meriraiensis P.C.Boyce & S.Y.Wong, sp. nov. Fig. 1. 

3. Schismatoglottis multinervia M.Hotta, Memoirs of the College of Science, University of Kyoto, ser. B, 32 (1966) 
237, Fig. 6G-N; A. Hay and Yuzammi, Telopea 9(1): 72-73 (2000); S.Y.Wong & P.C.Boyce, Acta Phytotaxonomica 
et Geobotanica 60(3): 132-135, Fig. 1 (2011). 

Type: Malaysia (Malaysian Borneo): Sarawak: Marudi, at foot of Gunung Mulu, along Sg. Payau, M. Hotta 
15297, 22 Mar 1964 (holo KYO!). Fig. 3. 

4. Schismatoglottis puberulipes Alderw., Bull. Jard. Bot. Buitenzorg III, 4: 200 (1922). 

Type: ‘Borneo’, Cult. Hort. Bogor, XI.B.X.118, C.R.W.K. van Alderwerelt van Rosenburgh 286 (lecto: BOKR! + 
BO spirit!, lectotype selected by Hay & Yuzammi 2000). Fig 4 

Schismatoglottis gamoandra M.Hotta, Memoirs of the College of Science, University of Kyoto, ser. B, 32: 237, 
Fig. 7A-G (1966), A. Hay and Yuzammi, Telopea 9(1): 123-124 (2000); P.C. Boyce, Sarawak Museum Journal 66 
(87, n.s.): 350-352, Pi. VIII (2009), syn. nov. 

Type: Malaysia (Malaysian Borneo): Sarawak: Bintulu (c4th Divn’), along Sg. Latai, small branch of Ulu Sg. 
Kakus, M. Hirano & M. Hotta 817, 7 Nov 1963 (holo: KYO!). 

Notes: Alderwerelts Schismatoglottis puberulipes is without doubt identical with Hottas later S. gamoandra, and 
has nomenclatural priority (Alderwerelt 1922 vs Hotta 1966), notwithstanding that S. puberulipes is established 
upon fragmentary (but nonetheless identifiable) herbarium material from a cultivated plant of imprecise origin. 

Key to the Schismatoglottis Multinervia Complex 

la. Spathe limb darkening prior to staminate anthesis, splitting into recurving strips during staminate 
anthesis; staminate flowers lax.2 

lb. Spathe limb not darkening prior to staminate anthesis, deliquescing during staminate anthesis; staminate 
flowers very densely packed.3 

2a. Leaf blade broadly ovate, up to 15 cm long, 10 cm wide, abaxially glaucescent, with tertiary venation 
forming a rather indistinct tessellate reticulum, never forming adventitious plantlets; spadix with 

interstice staminodes short, mushroom-shaped. Lithophytic on limestone, rarely terrestrial on clay but 
even then limestone associated, Gunung Mulu National Park, Sarawak. S. multinervia 

2b. Leaf blade oblong-lanceolate, 8-14 cm long, 3.2-5.5 cm wide, abaxially green with tertiary venation 
forming a conspicuous tessellate reticulum, often with adventitious plants present; spadix with interstice 
staminodes conspicuously elongate-cuneate, c. 3.5 mm long. Lithophytic on limestone, Niah National 
Park, Sarawak.S. hayi 

3a. Leaves in a ground-hugging rosette; tertiary venation adaxially forming a conspicuous raised tessellate 
reticulum. On shales and shale-derived clays in the Rejang Basin and adjacent N Kalimantan . 
.S. puberulipes 

3b. Leaves erect; tertiary venation adaxially obscure. Lithophytic on limestone, Bukit Merirai. 
.S. meriraiensis 
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Fig. 2. Schismatoglottis hayi S.Y.Wong & P.C.Boyce. A, plants in habitat; B, adventitious plantlets on the tip of the leaf blade; 

C, inflorescence just prior to anthesis; D, inflorescence at onset of pistillate anthesis (note that the spathe limb had opened, 

darkened, and begun to split); E, inflorescence at male anthesis (the spathe is beginning to deliquesce and turn glossy, 

note the clearly visible pubescent petioles); F, spadix at staminate anthesis with the spathe artificially removed (note that 

the interstice staminodes are long and have flat tops, the distal part of the staminate zone is narrower than the base of the 

appendix, and that the appendix is pointed). A-F from AR-1880. Images © P.C. Boyce. 
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Fig. 3. Schismatoglottis multinervia M.Hotta. A, plants in habitat; B, inflorescence at onset pistillate anthesis (note the small 

gap that is created by the expansion of the spathe limb); C, inflorescence at onset of staminate anthesis, the spathe limb 

has expanded and split longitudinally, at the same time darkening, and the pubescent petiole is clearly visible; D, spadix 

at pistillate anthesis with the spathe artificially removed (note that the interstice staminodes are short and have rounded 

tops, the distal part of the staminate zone is the same diameter at the base of the appendix, and the appendix is blunt). A-D 

from AR-1932. Images © P.C. Boyce. 
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Fig. 4. Schismatoglottis puberulipes Alderw. A, B; plants in habitat to show leaf colour variation; C, detail of tessellate tertiary 

venation; D, adventitious plantlet arising from a damaged portion of leaf blade; E, inflorescence at pistillate anthesis; 

F, inflorescence near end of pistillate anthesis; G, inflorescence at staminate anthesis (note spathe limb deliquescing at 

limb/lower spathe junction); H, spadix at pistillate anthesis (note spathe artificially removed). A, B from AR-1062; C-H 

from AR-802. Images © P.C. Boyce. 
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Abstract 

A change of status is proposed for Epacris microphylla var. rhombifolia (R.Br.) L.R.Fraser & Vickery. The new 
combination Epacris rhombifolia (L.R.Fraser & Vickery) Menadue is made and new descriptions are provided 
for E. rhombifolia and E. microphylla sens, strict. 

Introduction 

L. Fraser and J. Vickery (1937) collected and named Epacris microphylla var. rhombifolia from the Barrington 
Tops Plateau, N.S.W. They compared it to earlier collections of E. microphylla R.Br. by J.L. Boorman from near 
Wingello and from Barrington Tops. The few additional N.S.W. collections since then have been from the 
Vulcan to Oberon bogs and the Kanangra Walls area (Luthers Swamp). After 1981, specimens have also been 
collected in Victoria (initially identified as E. coriacea A.Cunn ex DC), in the Snowfields, e.g. Snowy Range and 
the Mount Baw Baw area, thus extending considerably the distributional range of the taxon. 

There is a suite of morphological characters that separate E. microphylla from E. microphylla var. rhombifolia 
(Table 1). These differences are clear-cut, and consistent over the whole distributional range and, when coupled 
with differences in habitat preference and time of flowering, suggest it would be appropriate to promote 
E. microphylla var. rhombifolia to species status, thus the combination E. rhombifolia (L.R.Fraser & Vickery) 
Menadue is proposed here. Note also that the cladistic morphological analysis of Epacris and related genera by 
Quinn et al. (2015) shows a clear separation of the two taxa on the morphological tree. 

Taxonomy 

Epacris rhombifolia (L.R.Fraser & Vickery) Menadue, comb, et stat. nov. 

Epacris microphylla R.Br. var. rhombifolia L.R.Fraser & Vickery, Proc. Linn. Soc. N.S.W. 62: 290,1931. 

Type citation: “Barrington Tops: 4,500 feet (L. Fraser and J. Vickery, 7/1/1934, Type)” 

Type: New South Wales: Northern Tablelands: Barrington Tops, 4,500 ft, L.R. Fraser &J.W. Vickery s.n., 7 Jan 
1934 (holo: NSW591602) 

An erect, virgate shrub, usually several stiff stems with limited upper branching, up to 1.5(-2.0) m high; young 
stems rounded, red-brown, pubescent; old stems brown with raised cuspidate leaf scars. Leaves crowded, 

© 2015 Royal Botanic Gardens and Domain Trust 
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imbricate on younger branches, then more spreading down older branches to 15 cm, erect and semi-appressed 
or reflexed, broadly rhombic, 2,2-4.4 mm long, 1.6-3.2 mm wide, glabrous, lamina flat becoming squarrose, 
apex acute, the midrib projecting as a short blunt mucro, only slightly incurved, base obtuse or truncate, margin 
slightly hyaline, entire or scabrid proximally, midrib not keeled, other veins not conspicuous abaxially; petiole 
0.3-0.6 mm long, slender, pubescent, semi-appressed. Flowers white, 3.8-5.0 mm diam. in apical clusters or 
spreading a short distance down branches, on short peduncles 1.8-2.6 mm long; bracts white, usually red- 
streaked, ovate to broadly ovate, apex obtuse, glabrous, keeled in the upper part, margin ciliolate; sepals white, 
red-streaked, 1.5-2.0 mm long, c. 1 mm wide, longer than the tube, ovate, glabrous, apex acute, margins ciliolate; 
corolla tube white, campanulate, c. 1.0-1.5 mm long, wider at the throat, 1.6-2.0 mm diam.; lobes spreading, not 
overlapping, longer than the tube, c. 1.7 mm long, apex obtuse, corolla deciduous; anthers angled at the throat, 
red, <0.5 mm long on filaments c. 0.7 mm long. Ovary depressed globose, smooth, glabrous, c. 1 mm diam. 
Style cylindrical, short, < 0.5 mm long, stigma rounded, below level of anthers. Nectary of five distinct scales, 
rounded-triangular, up to 14 height of ovary. Capsule depressed, 1.6-2.0 mm diam., opening widely at maturity, 
style mostly persistent. 

Flowering time: November to early March. 

Distribution and habitat: New South Wales, Barrington Tops, Wingello, Vulcan to Oberon. Bogs and along 
water courses at high altitudes. Victoria, Blue Range, Snowy Range, Upper Thompson River catchment. Sub- 
alpine wet heathlands. 

Notes: In the protologue, the authors say the species “occurs besides creeks on the Barrington Tops Plateau, 
usually at an altitude of 4,500-4,800 ft.” The type bears two flowering specimens in which the flowers extend 
c. 8 cm down the stems. 

Specimens examined: NEW SOUTH WALES: Northern Tablelands: Barrington Tops, Boorman s.n., Dec 
1915 (H0326195); East Barrington Tops, 40 miles N of Singleton, Schodde 3226, 3 Feb 1963 (NSW700909); 
Polblue Creek carpark, Barrington Tops Rd., Matarczyk s.n., 15 Dec 1997 (H0526874); Stewarts Brook State 

Forest, Binns 247, 30 Mar 1988 (NSW360917). Central Tablelands: Wingello, Boorman s.n., Dec 1899 
(NSW591600); near pluviometer, Luthers Creek on Kanangra Walls Road (7.5k SSE of Jenolan Caves), alt. 
1200 m, Coveny 9463 & Hind, 5 June 1977 (HO309368, NSW); Jensens Swamp, Boyd Plateau W. of Kanangra 
Walls, Anon., 1 Mar 1985 (NSW276685). VICTORIA: Snowlields: Storm Creek on Blue Range Rd., Albrecht 
1841, 7 July 1985 (MEL 0526750A); Moroka Range, 4 km WSW of East Pinnacle, Beauglehole 43490, 4 Nov 
1973 (MEL0526750A); Snowy Range, Caledonia Swamp, Chesterfield s.n., 31 Jan 1982 (MEL602115); Blue 
Range Rd. 8.5 km SE of Buxton, Stajsic 815, 13 Feb 1993 (MEL2020541A); Upper Thompson R. catchment 
area, 4 km W from Rocky Knob, N.G. Walsh 695,7 Dec 1981 (MEL0604195A); Swamp margin (Thompson R. 

headwaters) near helipad beside road from Toorongo to Matlock, Crowden 8405-06,14 May 1984 (H0324132); 
Snowy Range, Shaw’s Creek, 5k NE of Mt. Tamboritha, N.G. Walsh 2874, 16 Jan 1989 (H0310290); Rubicon 
State Forest, bog fed by Whisky Creek or tributary on northern slopes of Mt Bullfight, 100 m S of Bullfight Rd., 
3.5 km from jn. with Royston R. Rd., alt. 1310 m, Sinnott 3175,15 Mar 1996 (H0319812); Blue Range Rd. near 
crossing at Storm Creek, M.G. Corrick 8575,2 Jan 1983 (H078292, NSW). 

Epacris microphylla R.Br., Prodromus Florae Novae Hollandiae 550 (1810). 

Illustration: Curtis’ Botanical Magazine t. 3658 (1839) 

An erect, usually multistemmed straggling or virgate shrub 0.5-1.0-(1.8) m high, young stems rounded 
to ribbed, brown to reddish-brown, villous; old stems dark brown, scaly with crescentic leaf scars. Leaves 
crowded and imbricate at first then evenly spaced down stems, semi-appressed to spreading, broadly deltoid 
occasionally wider than long, 2.0-3.5 mm long and wide, glabrous, concave, straight, apex acute and grading 
into marked shoulders, tip mucronate, not pungent and inflexed, base cordate or strongly sagittate, even stem 
clasping auriculate, margin ciliolate near base and partly hyaline, no marked keel, three major parallel veins 
evident but not conspicuous when viewed abaxially; petiole 0.3-0.8 mm long, ± flattened, glabrous, appressed 
to stem. Flowers white, 4.5-8.0 mm diam., spreading down branches to c. 40 cm, not crowded, erect, distinct 
on peduncles which may vary greatly in length, 1.3-5.0 mm long; bracts white ovate, glabrous, apex obtuse 
to acute, margin ciliolate; sepals white, 2.0-3.0 mm long, longer than the tube, glabrous, elliptic, apex acute, 
margin ciliolate; corolla tube campanulate, 1.5-1.7 mm long, wider at the throat, 1.8-2.1 mm, glabrous; lobes 
equal to or barely longer than the tube, 1.5-2.0 mm long, flat, not overlapping at the base, apex obtuse; corolla 

deciduous. Anthers angled at the throat, red, 0.5-0.7 mm long on filaments equal in length or longer. Ovary 
globose 0.5-1.0 mm high, 0.8 mm diam., slightly ribbed, glabrous; style cylindrical, variable in length, the 
stigma being placed either very close to the ovary, or ± level with the top of the anthers; stigma capitate- 
rounded; nectary five distinct scales, rounded to triangular, up to Vz ovary height. Capsule brown, depressed, 
opening widely at maturity, style rarely persistent. 
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Tablel. Morphological comparison of E.microphylla and E. microphylla var. rhombifolia 

E. microphylla E. microphylla var rhombifolia 

Habit Open, straggly, often virgate shrub Erect shrub, few stiff stems. 

Indumentum Young stems villous Young stems pubescent 

Leaves Leaves erect, semi-appressed to reflexed Leaves ± imbricate, semi-appressed to 

spreading 

Leaf shape Leaves broadly deltoid Leaves rhombic 

Leaf apex Apex conspicuously incurved Apex only slightly incurved 

Leaf in section Concave ± Flat 

Leaf base Cordate or strongly sagittate or auriculate Obtuse, or truncate 

Flower size Flowers 4.5-8.0 mm diam. Flowers 3.8-5.0 mm diam. 

Pedicel length Variable, 1.3-5.0 mm 1.8-2.6 mm 

Corolla lobes ± Equal with corolla tube Longer than corolla tube 

Style Variable, stigma sometimes near ovary, sometimes near 

anthers 

Short, <0.5 mm, the stigma close to ovary 

Habitat Sea level to high altitudes; in damp, sandy soils High altitudes; in swamps and along 

watercourses 

Flowering time July to October November to early March 

Flowering time: July to October. 

Distribution and habitat: Victoria, New South Wales and Queensland. Sea level to high altitudes. Surrounding 
rocky outcrops on granite, usually in seepages, and coarse granitic sandy loams with Eucalyptus sieberi 
L.A.S.Johnson, Angophora floribunda (Sm.) Sweet, Allocasuarina littoralis (Salisb.) L.A.S.Johnson, Calytrix 
tetragona Labill., Pultenaea spp. Coastal plains behind dune system, heathland with Banksia integrifolia L.f., 
Casuarinaceae spp., Melaleuca spp. and Boronia spp. 

Selected specimens examined: QUEENSLAND: Wide Bay: Carlo Point Rd. off Tin Can Bay, A.M. Buchanan 
8775,22 June 1982 (H0538647).NEW SOUTH WALES: Northern Tablelands: Basket Swamp, 24.1 km NE 
of Tenterfield, in Boonoo State Forest, alt. 1040 m, P. Jobson 5213 & S. Mills, 25 Oct 1997 (H0506640, NSW); 
Wrights Lookout Track, New England NP, J.M. Powell 2982, 2 Sep 1987 (HO108945, NSW). North Coast: 

margin of swamp just outside Diggers Camp settlement, J.M. Powell 4554, 5 Sep 1987 (HO108971, NSW). 
Central Coast: Budderoo NP, Barren Grounds Nature Reserve, c. 500 m E from start of circular track, alt. 
600 m, Davies 416 & Mulcahy, 7 Dec 1987 (HOI 16270); 3.2 km N of main roundabout on old Princes Highway 
at Helensburgh, alt. 250 m, R. Johnstone 1585 & R. Turrin, 9 Nov 2005 (HO542038, NSW). South Coast: Falls 
Creek, Nowra, L. Rodway 6936, July 1917 (H05322). VICTORIA: East Gippsland: 3 km SE of Mt. Carlyle 
summit, Albrecht 3609 & Walsh, 4 Sep 1988 (HOI 15787). 
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Abstract 

The taxonomic status of Hypsela sessiliflora, a threatened NSW endemic, was examined using morphological 
and molecular data. Although the Type specimen appears to be missing and the protologue is of limited value, 
available evidence suggests that it is best included within a slightly broadened circumscription of the highly 
variable Isotomafluviatilis subsp. fluviatilis. 

Introduction 

Hypsela sessiliflora E.Wimm. was described in 1943 from undated material collected by Ferdinand Bauer in the 
vicinity of Sydney between 1801 and 1805. A new nomenclatural combination, Isotoma sessiliflora (E.Wimm.) 
Lammers was made for the species (Lammers 1999), which has been tentatively accepted by Australian 
herbaria pending comprehensive revision of generic limits in the family Campanulaceae. For consistency the 
name Hypsela sessiliflora, rather than Isotoma sessiliflora is used throughout the paper. 

For many years Hypsela sessiliflora was presumed extinct (Briggs and Feigh 1996). A specimen collected at 
Homebush in 1951 and another collected at Agnes Banks in 1992 were provisionally identified as H. sessiliflora 
but were later re-determined as Isotoma fluviatilis (R.Br.) F.Muell. ex Benth. In 1999 another specimen possibly 
conforming to H. sessiliflora was collected from Erskine Park by ecologist Teresa James. This specimen was referred, 
somewhat tentatively, to H. sessiliflora by staff at the National Herbarium of New South Wales (NSW). Several 
factors contributed to the lack of certainty with the determination of the specimen. These included a general lack 
of information on the Type specimen of H. sessiliflora, the lack of detail in the protologue and the apparent close 
morphological similarity of H. sessiliflora to I. fluviatilis. Isotoma fluviatilis has three currently recognised described 
subspecies and there are additional related taxa from mound spring sites in Queensland that await description. 

A repercussion of the putative rediscovery of an extant population of H. sessiliflora was the changing of the 
species in NSW threatened species legislation from Extinct to Endangered (NSWSC 2003). It remains listed as 
an extinct species (as Hypsela sessiliflora) under the Federal (EPBC) act (DOE 2015). An imperative to clarify 
the conservation status of H. sessiliflora prompted a re-evaluation of the taxonomic status of the species, the 
results of which are reported below. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Methods 

Morphological study: Several lines of investigation were pursued. Attempts were made to relocate the Type of 
Hypsela sessiliflora at the Vienna Herbarium (W). The protologue of H. sessiliflora and all available taxonomic 
literature relating to H. sessiliflora and the currently recognised subspecies of Isotoma fluviatilis were consulted, 
and potential character differences tabulated. Unpublished data for the subspecies of I. fluviatilis collected by 
DEA and NGW were also included in the comparative tables. This data was based on herbarium specimens 
housed at NSW, MEL, BRI, CANB and HO. Floral measurements were based on fresh or rehydrated material. 
Herbarium specimens referred at some time to H. sessiliflora at NSW were examined and characters coded 
for individual specimens. Due to the limited available material present on some herbarium sheets it was not 
possible to assess all characters for all specimens. Where sufficient flowers were available a representative 
flower was detached, rehydrated and the component parts examined and measured. 

Five live accessions collected at Erskine Park (NSW) by Teresa James were sent to DEA in Alice Springs in July 

2002. According to the collector this material included one accession tentatively referred to Hypsela sessiliflora 
(H7), one accession of Isotoma fluviatilis subsp. fluviatilis (H2) and three accessions (H3, H4, H5) of uncertain 
identity or possible hybrids between H. sessiliflora and I. fluviatilis subsp. fluviatilis. Accessions mostly consisted 
of a single plant fragment though one accession comprised two fragments. Data on pedicel length, floral sex 
and fruit type was collected when the material arrived in Alice Springs. Corresponding voucher specimens for 
most of the accessions were lodged at NSW. These specimens were examined at NSW and data corroborated 
with the data from the live material. Live accessions were potted separately and grown on in glasshouse 
conditions at the Alice Springs Desert Park until December 2002 to assess changes in morphological features. 
Care was taken to ensure plants from adjacent pots did not intermingle. Hand pollinations were undertaken 
in attempt to improve fruit set and seed development. Further data on pedicel length, floral sex and fruit type 
were collected in September and December 2002. 

Molecular study: Initial investigations focused on obtaining DNA sequence data from a specimen with 

morphological features most closely conforming to the protologue of Hypsela sessiliflora. A cultivated specimen 
grown on from Teresa James’ plant H7, originally collected at Erskine Park was selected for this purpose. 
Total DNA was extracted from silica-dried samples of leaf tissue using a modified CTAB method (Doyle and 
Doyle 1987). DNA was also extracted from representative samples of the three named subspecies of Isotoma 
fluviatilis (Appendix 1). The adjacent plastid genes atpB and rbcL and their intergenic region were amplified 
and sequenced as previously described (Knox et al. 2008). The closely related New Zealand Lobelia ionantha 
was used to polarize the variation found in Isotoma fluviatilis (Heenan et al. 2008). The aligned data matrix 
(comprising 3683 nucleotides and two coded alignment gaps) was analysed using PAUP* (Swofford 2002). 

Further DNA sampling was undertaken on the morphologically variable Erskine Park population to assess 

sequence variability. DNA was extracted from five herbarium specimens (H2, H3, H5, H6 and H7) housed at 
NSW, that, along with live material sent to DEA in Alice Springs (see above) constitute the original population 
sample from the Erskine Park site. Three additional herbarium specimens from across the Isotoma fluviatilis subsp. 
fluviatilis distribution were also sampled (Appendix 1). DNA was extracted using the Qiagen DNeasy Plant micro- 
prep protocol described in Struwe et al. (1998). The plastid atpB-rbcL intergenic spacer region was amplified and 
sequenced as previously described (Knox et al. 2008). Sequences were deposited in Genbank (refer to Appendix 1). 

Results and discussion 

Status of the Type of Hypsela sessiliflora: Wimmer’s (1943) protologue indicates that the Type specimen 
was extant at Wien (Vienna) herbarium (W) in 1943. Attempts to correspond with W between 2001-2004 
regarding the presence and potential loan of the Type were unsuccessful. During a visit to Vienna in 2005, Peter 
Wilson (NSW) kindly searched W and the Vienna University Herbarium (WU) for the Type specimen. He 
spent several hours over two days examining all likely sets of specimens, without result. Thus, it would appear 
that the Type specimen is missing. 

Protologue and accompanying illustration: In the absence of the Type specimen the protologue becomes 
the most significant source of information to fix the identity of the name. The original description of Hypsela 
sessiliflora appeared in Pflanzenreich IV.276b: 121 and was accompanied by a line drawing (fig. 31b). There are 
a number of issues with the protologue and illustration that reduce their value in fixing the application of the 
name. These include: 

1. The description is based on a single specimen and therefore encompasses little morphological 
variation. The size ranges cited for leaf and corolla length, for instance, are much narrower than would 
be expected for Australian Lobelioideae taxa. 
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2. It is uncertain whether Wimmer s floral measurements were based on dried or rehydrated material. 
Some shrinkage occurs during the drying process and therefore measurement made on rehydrated 
flowers will be slightly larger than for dried specimens. 

3. Some terms used in the original description are imprecise, and there is uncertainty about how to 
interpret some information due to the lack of detail in how the character was assessed. According to the 
protologue, the flowers are sessile or subsessile and fruit subsessile, although without measurements 
the dimensions included in the definition of subsessile is uncertain. The corolla is described as 
glabrous, however it is unclear whether this relates to the entire corolla or the adaxial or abaxial surface 
only. Importantly, the fruit type is described as “apparently a berry” (i.e. indehiscent) though there is 
evidence to suggest that this was not based on observations of ripe fruit. Had Wimmer had access to 
ripe fruit, one would have expected the description to include fruit dimensions and information on 

seeds, which are presented in the descriptions of the three other species of Hypsela in his monograph. 
The illustration also lacks fruit, though fruit are shown on the two other species of Hypsela illustrated. 

4. Floral sex is not specifically stated in the description and the illustration does not provide enough 
detail to determine sex. This is significant as floral sex has a bearing on the size of floral organs and 
potential to develop fruit. The only measurement in the protologue potentially indicating the gender 
of the Type is hypanthium length. 

Literature-based comparison of Hypsela sessiliflora and Isotoma fluviatilis: Wimmer does not directly 
compare Hypsela sessiliflora and Isotoma fluviatilis in the protologue and his publications do not provide a key 
including both species. To assist comparison of the two species, data for a selection of characters were extracted 
from the protologue of H. sessiliflora and from published and our own data on the three described subspecies 
of I. fluviatilis (table 1). 

Table 1. Morphological comparison between Hypsela sessiliflora and Isotoma fluviatilis based on selected characters from 
published and unpublished sources. 

Character Hypsela sessilifloraA Isotoma fluviatilis 
subsp. fluviatilis 

Isotoma fluviatilis 
subsp. borealis 

Isotoma fluviatilis 
subsp. australis 

Stem apex indumentum hairy glabrous or minutely 

pubescentCF 

glabrous or minutely 

pubescent08 

glabrous or minutely 

pubescent088 

Leaf length (mm) 2-4 5-10(-15)B; (4-) 5-12BD; 5-13BD; 

5-15°; 3-1 5(-19)F 4-18.5F 2-1 5EF 

Leaf width (mm) 1-2.5 3-5B; 2-5BO; 2 7BD; 

1 —7(—9)F 1.5-88 1-8EF 

Leaf indumentum glabrous glabrous or minutely 

pubescentCF 

glabrous or minutely 

pubescent08 

glabrous or minutely 

pubescent088 

Pedicel length in flower 
(mm) 

sessile or subsessile 1-15(-30)B; 

0.5-35F 

5-40(-50)BD; 

2.5-53F 

(2.5-)5-60(-85)BEF 

Floral sex not stated unisexualBDF bisexual80; rarely 

female flowers present 

within a population88 

bisexual808; rarely 

female flowers present 

within population88 

Hypanthium length (mm) 
(flowering) 

c. 0.5 (2-)4-5 in females80; 

1.8-3 in females8, 1-2 

in males808 

1.5-4.58 1-48 

Hypanthium indumentum inconspicuously hairy with short sparse or 

long dense hairs80; 

glabrous to sparsely or 

densely hairy8 

glabrous or minutely 

pubescent808 

mostly glabrous8; 

glabrous to sparsely 

hairy8 

Calyx lobe length (mm) barely 0.5 c. 2C; 0.7-1,8F c. 2°; 0.8-28 c. 2°; 0.9-2.588 

Corolla length (mm) 4-5 4-6(-8) in females808; 

(3-)4-7(-11) in 

males808 

6-10(-13)BD; 

6-10.28 

7-12(-1 5)BD; 

6.5-16EF 

Corolla tube length (mm) 1.5* 1.2-2 in females8; 

1.7-3 in males8** 

2.2-48 ** 2-5F ** 

Corolla tube indumentum 
internally 

glabrous glabrous80; glabrous or 

rarely with few hairs8 

hairy808 hairy80; sparsely hairy 

or rarely glabrous8 
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Corolla lobe indumentum 
internally 

glabrous glabrousCF hairy60; hairy, rarely 

glabrousF 

hairy60; hairy, rarely 

glabrous6 

Corolla colour apparently white 

(dried material) 

sky blue to almost 

whitec; white to pale 

blue, often with darker 

blue band at base of 3 

adaxial lobesF 

sky blue to almost 

white0; white to blue 

or mauvish-blue, with 

darker blue band 

at base of 3 adaxial 

lobesF 

sky blue, rarely 

pinkish6; white to blue 

or mauvish-blueEF 

with darker blue band 

at base of 3 adaxial 

lobes6 

Staminal filaments inserted midway along 

corolla tube 

adnate to corolla for 

1-1.7 mm in females, 

0.9-2.2 mm in malesF 

adnate to corolla for 

1.5-3 mmF 

adnate to corolla for 

2-4 mm6 

Anther tube indumentum 
(upper exterior surface) 
and length 

glabrous, 0.8 mm long usually minutely 

pubescent0; glabrous 

or minutely pubescent, 

c. 0.7-0.8 mm long in 

females, c. 1-1.2 mm 

long in malesF 

usually minutely 

pubescent0; glabrous 

or minutely pubescent, 

1.5-2 mmF 

usually minutely 

pubescent0; glabrous 

or minutely pubescent, 

1.3-2.5 mm6 

Pedicel length in fruit (mm) subsessile 1-1 5(-30)B; 1.5-35F 5-40(-60)BD; 3.5-53F (3-)5-60(-85)BEF 

Fruit type apparently a berry capsuleCF; rarely 

somewhat fleshy and 

tardily dehiscent0, 

capsule06, rarely 

somewhat fleshy and 

tardily dehiscent0 

capsule0EF; rarely 

somewhat fleshy and 

tardily dehiscent0, 

Chromosome No. (2n) not stated 14B 14B 28B 

Mean pollen diameter not stated n/a <33.5pB >34.5pB 

Source: A - Wimmer 1943; B - McComb 1970 (data specific to subspecies); C - McComb 1970 (species level 

data but assumed applies to subspecies); D - Wiecek 1992, note outer extreme measurements (often glasshouse 

grown) not included; E - Albrecht 1999; F - Albrecht and Walsh unpublished data. * = method of measurement 

uncertain; ** = measured from base of corolla to lowest point of dorsal slit. 

On the basis of corolla length, corolla indumentum, anther tube length and pedicel length, H. sessiliflora appears 
to be most similar to I. fluviatilis subsp. fluviatilis. Many character states and dimensions in the protologue of 
H. sessiliflora fall within the range of I. fluviatilis subsp. fluviatilis. Our unpublished data for I. fluviatilis subsp. 
fluviatilis supports the assertions of McComb (1968) that I. fluviatilis (in the broad sense and with respect to 
its infraspecific taxa) is highly variable with respect to leaf shape, presence or absence of a petiole, presence or 
absence of leaf margin teeth and vegetative indumentum, even on the same plant. 

Based on available literature there may be differences between H. sessiliflora and I. fluviatilis subsp. fluviatilis in 
the following characters: leaf length, pedicel length, floral sex, hypanthium length, calyx lobe length, and fruit 

type. However any number of these may be unreliable distinctions due to factors discussed in the previous 
section. Interestingly, hypanthium length is stated as c. 0.5 mm long in the protologue of H. sessiliflora, which 

is considerably smaller than our I. fluviatilis subsp. fluviatilis measurements for female hypanthium length but 
closer to our measurements for male hypanthium length. If the Type of H. sessiliflora was indeed a male then 
the assertion that the fruits are a berry could be discounted as conjecture or a mistaken interpretation of the 
hypanthium post-anthesis. 

Evaluation of specimens provisionally determined as Hypsela sessiliflora: Three specimens housed at 
NSW have been identified at some time, at least provisionally, as Hypsela sessiliflora. Selected characters with 
potential to distinguish H. sessiliflora and I. fluviatilis subsp. fluviatilis (based on table 1) were assessed for 
these specimens (Table 2). Comparable data from the protologue of H. sessiliflora and for I. fluviatilis subsp. 
fluviatilis are also included in Table 2. 
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Table 2. Morphological comparison between Hypsela sessiliflora, Isotoma fluviatilis subsp. fluviatilis and three specimens 
provisionally determined as Hypsela sessiliflora based on selected critical characters. 

Character Hypsela 
sessiliflora 

R.G.Coveny 16286 
(NSW 260567) 

H.S.McKee s.n. 
(NSW 591425) 

T.A.James s.n. 
(NSW 436612) 

Isotoma fluviatilis 
subsp. fluviatilis 

Leaf length 
(mm) 

2-4 c. 4-8 c. 2.5-8 4-8 5-10(-15)B; 

5-15°; 3-1 5(-19)F 

Pedicel length 
in flower 

sessile or subsessile 0.5-2 

no 

T
 

i_n 
o

 1.3-7 1-15(-30)B; 

0.5-35F 

Floral sex not stated unisexual, female unisexual, male unisexual,mostly 

female specimens 

on sheet, few 

specimens male 

unisexualBDF 

Hypanthium 
length (mm) 
(flowering) 

c. 0.5 1.3-1.5 c. 1 n/a (2-)4-5 in 

females80; 1.8-3 

in femalesF, 1-2 in 

malesBDF 

Calyx lobe 
length (mm) 

barely 0.5 1.1 1-1.5 n/a c. 2C; 0.7-1.8F 

Pedicel length 
in fruit (mm) 

subsessile n/a n/a 1-7 1-15(-30)B; 1.5-35F 

Fruit type apparently a berry n/a n/a capsule capsule, rarely 

somewhat fleshy 

and tardily 

dehiscent0; capsule8 

Data sources for Hypsela sessiliflora and Isotoma fluviatilis subsp .fluviatilis as for Table 1. 

Based on the characters scored, all three specimens align more closely with I. fluviatilis subsp. fluviatilis than 
with H. sessiliflora. If these three specimens are included with I. fluviatilis subsp. fluviatilis then the current 
circumscription of I. fluviatilis subsp. fluviatilis would require minor amendment to include a lower value for 
leaf length of 2.5 mm and female hypanthium length to 1.3 mm long. 

Cultivation study: Data on pedicel length, floral sex and fruit type collected at the time the live accessions 
arrived in Alice Springs was combined with data collected from the corresponding voucher specimens lodged 
at NSW. The combined live and herbarium data collected is included under ‘Field collection July 2002’ in 
Table 3. Data on pedicel length, floral sex and fruit type collected from the cultivated plants in September and 
December 2002 is included in Table 3 under‘Glasshouse Sept-Dec 2002’. The results for plant H4 were similar 
to H3, however the former is not included in table 3 as no voucher was lodged at NSW. 

Table 3. Temporal variation in four morphological characters for four cultivated specimens originating from Erskine Park. 
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An important result across all accessions included in the cultivation study was the presence of longer pedicels 
in September and December relative to those present at the start of the study in July Plant H7 was of particular 
interest as it had been tentatively identified as H. sessiliflora and had very short (0.5-1 mm long) flowering 
pedicels at the start of the study. At the conclusion of the study both male and female flowers present in the pot 
had flowering and fruiting pedicels ranging from 1.5-15 mm long. 

Based on these results it is apparent that pedicel length is highly variable in I. fluviatilis subsp.fluviatilis. The 
results allude to the potential influence of day length on pedicel length, though more detailed study would 
be required to be definitive. Experiments undertaken by McComb (1968) showed that when grown under 
continuous light (long day length) plants of I. fluviatilis subsp. fluviatilis produce elongated pedicels (mean 
length 12.7 mm in males and 12.9 mm in females). By contrast, plants grown under short day length (and 
induced to flower under long day length) produced nearly sessile flowers (mean pedicel length 1.1 mm in 

male plants and 1.0 mm in female plants). Another important result of the cultivation study was that plant H7 
(tentatively identified as H. sessiliflora) produced dehiscent (capsular) fruits. 

Molecular results: Maximum parsimony analysis of the data matrix for one sample each of 7.Hypsela sessiliflora 
(H7), Isotoma fluviatilis subsp. fluviatilis, I. fluviatilis subsp. borealis, I. fluviatilis subsp. australis and Lobelia 
ionantha yields a single tree of 45 steps with a consistency index of 1.00 (Fig. 1). Subspecies borealis and 
australis are sister to each other and are collectively sister to subsp.fluviatilis (including 7Hypsela sessiliflora), 
which is diagnosed by four point mutations and a 4-bp deletion in the intergenic region. The gap in I. fluviatilis 
subsp. australis results from deletion of one base-pair in a 7-bp homonucleotide run located elsewhere in the 
intergenic region. 

For sequencing of the within-population accessions (Erskine Park) and two additional specimens, tentatively 
identified as H. sessiliflora, we were able to successfully sequence James s.n. (H2, H3, H5, H6) and McKee 
s.n., but not Coveny 16286 (Appendix 1). The aligned matrix containing these five sequences showed zero 
character variation when compared against sequences representing the H7 plant from Erskine Park and PC. 

Jobson 7458 (data not shown). 

21/0 1/0 
6/0 

11/1 

New Zealand 

Gara River, NSW 

Buninyong, Vic 

Erskine Park, NSW 

Rivatts Creek, NSW 

— L. ionantha 

— I. fluviatilis borealis 

— I. fluviatilis australis 

I. fluviatilis fluviatilis 

Fig. 1. Phylogenetic estimate from plastid DNA sequence data showing relationships among the three subspecies of Isotoma 

fluviatilis (Erskine Park, NSW = 7H. sessiliflora plant H7), as polarized using Lobelia ionantha. The numbers above each node 

and for each terminal segment indicate the number of point mutations (before the slash) and deletions (after the slash). 

Conclusions 

Although in the absence of the Type specimen there is still a slight margin of doubt, morphological evidence points 
to there being only a remote chance that Hypsela sessiliflora is distinct from Isotoma fluviatilis subsp.fluviatilis. It 
is likely that the missing Type specimen was collected from a plant similar to plant H7 from the Erskine Park site 
and at the time of collection the pedicels were very short. This study has confirmed the work of McComb (1968, 
1970) indicating that I. fluviatilis subsp. fluviatilis is a highly variable taxon, particularly with respect to habit, 
indumentum, leaf size and shape, presence of marginal teeth, presence of petiole and pedicle length. 

Most features included in the original description of H. sessiliflora fall within the recorded range for I. fluviatilis 
subsp. fluviatilis. Those characters that are outside the range recorded for I. fluviatilis subsp. fluviatilis (i.e. 
leaf length, hypanthium length and calyx lobe length) are only slightly so and are considered of negligible 
taxonomic significance. That they do not fall within the range for I. fluviatilis subsp. fluviatilis may merely 
be a function of the way in which they were measured. Fruit type and floral sex remain the most significant 
uncertainties. The absence of floral gender in the protologue adds to the uncertainty of the assertion that the 
fruit are indehiscent. Although the fruit of H. sessiliflora are recorded as indehiscent in the protologue, the 
description may not have been based on ripe fruit, as it lacks fruit dimensions and information on seeds, and 
the accompanying illustration also lacks fruit. Should the Type specimen surface at some time in future it 
would be possible to resolve or partly resolve the main uncertainties around floral sex and fruit type. 
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The results from the molecular study corroborate those of the morphological study. Sequence data for the 
Erskine Park population showed that plants matching the protologue of H. sessiliflora with respect to the short 
pedicels were identical to plants with elongated pedicels from the same site, and that both were identical to I. 
fluviatilis subsp.fluviatilis from elsewhere. 

We consider the information presented here is sufficiently compelling to warrant placing H. sessiliflora in 
synonymy under I. fluviatilis subsp. fluviatilis, an action formally effected below. 

Taxonomy 

Isotoma fluviatilis (R.Br.) F.Muell. ex Benth. subsp. fluviatilis 

Hypsela sessiliflora E.WimmPflanzenreich IV.276b:121 + fig. 31b 

Type citation: cOst-Australien: N.S. Wales, Port Jackson (Ferd. Bauer - Hb. Wien). 

Lectotype (here designated): Figure 31b accompanying the description. 

We have been unable to find Bauer’s specimen and it is presumed missing. In the absence of a specimen that 
has both subsessile flowers and subsessile indehiscent fruits, figure 31b is here designated as the lectotype, 
despite its poor quality. 

Amended description of I. fluviatilis subsp. fluviatilis 

Mat-forming, glabrous to sparsely puberulous perennial, rooting at the nodes. Leaves lanceolate, oblanceolate, 
elliptic or obovate, 2-15(-19) mm long, l-7(-9) mm wide, obtuse to acute, margins entire to toothed, 
petiole 0-2 mm long. Flowers solitary in the axils, unisexual; bracteoles at base of pedicels minute; pedicels 
0.5-35 mm long, glabrous or puberulous. Flowering hypanthium 1.3-3 mm long in females, 1-2 mm long in 
males, glabrous to minutely pubescent. Calyx lobes 0.5-2 mm long. Corolla (3—)4—8(—11) mm long, white to 
pale blue, often with deeper blue markings at base of lower 3 lobes, lobes subequal or the upper 2 slightly more 
deeply cleft, lanceolate to oblanceolate or elliptic, 1.6-4.5 mm long, 0.5-1.5 mm wide, glabrous; tube split to 
within 1.7-3 mm of base on the dorsal side, glabrous internally or rarely with few hairs. Filaments 1.8-3.2 mm 
long, distally connate for 0.2-0.7 mm long, adnate to the corolla tube for 0.9-2.2 mm; anther tube 1-1.2 mm 

long in males, 0.6-0.8 mm long in females, glabrous or very sparsely puberulous dorsally, seta of lower anthers 
0.2-0.4 mm long, with a tuft of associated microhairs. Capsule ovoid, ellipsoid or obovoid, not compressed to 
slightly compressed, 2.5-5 mm long, 1.5-3 mm wide; seeds (based on a small sample) broadly ellipsoid, slightly 
compressed, c. 0.35-0.5 mm long, c. 0.3-0.35 mm wide, light brown to yellowish-brown, weakly reticulate. 
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Appendix Table 1. Samples of Lobelia and Isotoma used in the DNA sequencing study. 

Taxon Collection site Herbarium voucher Tissue accession GenBank accession 

L. ionantha Macraes Flat, Otago, New Zealand CHR573373 E.B. Knox 5039 EF999984* 

1. fluviatilis subsp. borealis Gara River, NSW NE 79301 I.R. Telford 12520 KR011114* 

1. fluviatilis subsp. australis Buninyong, Victoria MEL2385053 N.G. Walsh 5135a KR011115* 

1. fluviatilis subsp. fluviatilis Erskine Park, NSW NSW732387 T. James H7 KR011116*# 

/. fluviatilis subsp. fluviatilis Rivatts Creek, NSW IND143865 PC. Jobson 7458 EF999977* 

/. fluviatilis subsp. fluviatilis Howells Swamp, NSW NSW862366 R. Coveny 19427 KR028358 

/. fluviatilis subsp. fluviatilis Homebush, NSW NSW591425 McKee s.n KR028359 

/. fluviatilis subsp. fluviatilis Agnes Banks, NSW NSW734728 W.S. Cuddy 114 KR028360 

1. fluviatilis subsp. fluviatilis Erskine Park, NSW NSW732390 T. James H5 KR028361* 

1. fluviatilis subsp. fluviatilis Erskine Park, NSW NSW732388 T. James H2 KR028362# 

/. fluviatilis subsp. fluviatilis Erskine Park, NSW NSW732391 T. James H3 KR028363# 

/. fluviatilis subsp. fluviatilis Erskine Park, NSW NSW732396 T. James H6 KR028364# 

* Sequences (atpB & rbcL + intergenic region) used in phylogeny (Fig. 2) 

# Sequences (atpB-rbcL intergenic region only) used for Erskine Park population study. 



Volume 18: 463-474 

Publication date: 23 November 2015 

dx.doi.org/10.7751/telopea9164 

Telopea 
Journal of Plant Systematics 

The Royal 
Botanic Gardens 

& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

Two new species of Prostanthera (Lamiaceae) in 
New South Wales 

Barry J. Conn and Trevor C. Wilson 

National Herbarium of New South Wales, Royal Botanic Gardens and Domain Trust, Mrs Macquaries Road, Sydney 2000, 

Australia. 

barry.conn@rbgsyd.nsw.gov.au; trevor.c.wilson@rbgsyd.nsw.gov.au 

Abstract 

Prostanthera gilesii and P. makinsonii (Lamiaceae) are described as new for New South Wales, Australia. These 
descriptions are accompanied by illustrations and general notes, including distribution and conservation 
status. A new identification key is provided for the species of Prostanthera in New South Wales. 

Introduction 

The species richness of Prostanthera Labill. (Lamiaceae) is highest in the eastern mainland States of Australia 
where approximately 36% of the known species occur. Since the most recent taxonomic accounts of the 
genus in eastern Australia (Conn 1992,1993 onwards, 1999), there have been several publications describing 
additional new species (Conn 1998, Conn and Wilson 2012,2014,2015, Hunter etal. 2006, Williams et al. 2006, 
Wilson and Conn 2015). Typically, species of Prostanthera are geographically discontinuous, forming localised 
populations in open and exposed habitats (such as rocky escarpments and outcrops). This paper describes two 
new species, P. gilesii and P. makinsonii, that appear to be extremely localised and distant from other species of 
the genus. Since the recent systematic research based on nucleotide sequence data (Wilson et al. 2012) did not 
support the sectional classification of the genus as proposed by Bentham (1870), no sectional classification is 
followed here. 

A revised key to the species of Prostanthera occurring in New South Wales is provided to incorporate the two 
new species and to correct errors in previous keys (Conn 1993 onwards). The geographic distribution of each 
species discussed here is summarised according to the botanical divisions of New South Wales by Anderson 
(1961), and Jacobs and Pickard (1981) and followed (in parentheses and italics) by Australia’s bioregions 
(IBRA7 2015). General terminology follows previous publications on the systematics of Prostanthera by the 
authors. Inflorescence terminology follows Briggs and Johnson (1979), and as modified by Conn (1995). Note: 
the use of the term ‘Inflorescence’ as a header in the description is being used as a generalised term. Provisional 
assessment of conservation status is according to guidelines of the New South Wales Government (15 August 
2015 onwards) and the Red List of Threatened Species (IUCN 2015). 

© 2015 Royal Botanic Gardens and Domain Trust 
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New species of Prostanthera 

Prostanthera gilesii G.W.Althofer ex B.J.Conn & T.C.Wilson, sp. nov. Figs 1,3 

Morphologically most similar to Prostanthera phylicifolia F.Muell., but leaves are 6-10 mm wide (P. phylicifolia 
3-4 mm wide), and during anthesis, abaxial and adaxial calyx lobes 5-6 mm (cf. 3-4 mm long). 

Holotype: New South Wales: Central Tablelands (South Eastern Highlands): Mount Canobolas State Conservation 
Area: W.E. Giles s.n., 30 Nov 1958 (NSW128314); isotypes: AD, BRI, CANB, MEL, NSW (see Typification below). 

Illustrations: Althofer (1978, pp. 120 & 122) 

Informal phrase name: Prostanthera sp. C sensu B.J.Conn (1992) Flora of New South Wales, 3: 652. 

Small, compact, spreading shrub, up to 1 m high, with the populations formed by a tangle of individual plants. 
Branchlets ± terete, moderately hairy on distal internodes and nodes [up to c. 80 hairs/mm2], soon becoming 
sparsely hairy [15-40 hairs/mm2]; hairs subappressed, antrorse, 0.2-0.5 mm long, straight to slightly curled, 
white; glands indistinct (mostly covered by hairs), hemispherical, subsessile, sparse [up to 20 glands/mm2]. 
Leaves dark green, glossy, paler below, aromatic; petiole 1-2 mm long; lamina narrowly ovate to elliptic, 
15-26 mm long, (5-)6-10 mm wide (length to width ratio 2.6-3, length of maximum width from base to 

total lamina length ratio 0.3-0.5), almost glabrous, a few hairs on midrib of both surfaces and near apex, 
hairs 0.4-0.8 mm long, antrorse, sparsely glandular; base obtuse, often appearing attenuate because margin 
more involute towards base; margin entire; apex obtuse; venation indistinct, midrib slightly raised on abaxial 
surface. Inflorescence a frondose botryoidal conflorescence, uniflorescence monadic; 3-4(-6)-flowered (per 
conflorescence). Podium (1-) 1.5-3 mm long, glabrous or with an occasional hair, sparsely glandular. Pherophylls 
not seen. Prophylls ± persistent, inserted near base of calyx (a axis to anthopodium ratio 6-6.7), opposite, 
narrowly ovate to narrowly elliptic, (2-)3-3.5(-4) mm long, 0.5-0.6 mm wide (length to width ratio 5.8-7, 
length of maximum width from base to total lamina length ratio up to 0.5), glabrous except with ± patent to 
spreading hairs along margin (hairs as for leaf lamina), glandular; base slightly attenuate; margin entire; apex 
obtuse; venation not visible. Calyx green; outer surface glabrous, moderately glandular; inner surface of tube 
glabrous, lobes densely hairy near margin and apex, hairs crinkled, 0.1-0.2 mm long; tube (2-)2.5-3 mm long; 
abaxial lobe ovate to broadly ovate, 5-6 mm long, 3.5-4 mm wide at base (length to width ratio 1.2-1.5), apex 
rounded; adaxial lobe broadly to very broadly ovate, 5-6 mm long, (3.5-)4.5-5.5 mm wide at base (length to 
width ratio 1.1-1.4), apex rounded (adaxial lobe length to abaxial lobe length ratio c. 1). Corolla 12-15 mm 
long, white to yellowish white, with purple to dark mauve markings on the inner surface of the tube and base 
of adaxial median lobe-pair, with pale orange marking on base of abaxial median lobe; outer surface glabrous 
basally, distally sparsely to moderately hairy, especially on lobes [up to c. 40 hairs/mm2], hairs 0.1 -0.3 mm long, 
± spreading to appressed; inner surface glabrous in tube, sparsely to moderately hairy on lobes and in sinuses 
between lobes; tube 7-9(-10) mm long; abaxial median lobe broadly spathulate, 10-11 mm long, 4-4.5 mm 
wide (below distal lobing) (length to width ratio 2.4-2.5), apex slightly irregular and rounded, bilobed (sinus 
c. 3 mm long, 4-4.5 mm wide distally); lateral lobes oblong to slightly elliptic, 7-8 mm long, 4-4.5 mm wide 
(length to width ratio 1.8-2), apex rounded to slightly retuse, irregular; adaxial median lobe-pair very broadly 
to depressed ovate, 4-5 mm long, 8-9 mm wide (length to width ratio 0.4-0.6), apex rounded, irregular, 
bilobed (sinus 1-1.2 mm long, 1-1.5 mm wide, median margin of lobes slightly overlapping). Stamens inserted 
5-6 mm above base of corolla; filaments white, often with maroon tinge, 6-10 mm long; anthers dark mauve, 
1.2-1.5 mm long, base of lobes glabrous, usually with a small acumen and short, white trichomes c. 0.2 mm 
long, connective appendage white, (1.5-)2-2.5 mm long, with a few narrowly triangular trichomes 0.2-0.4 mm 
long. Disc 0.3-0.4 mm long. Pistil 10-11 mm long; ovary cylindrical obovoid, 0.6-0.8 mm long, at base 0.8- 
1 mm diam., lobes 0.2-0.3 mm long; style 9-10 mm long; stigma lobes c. 0.5 mm long (± equal in length). 

Fruiting calyx not or only slightly enlarged (only immature fruits seen). Mature mericarps and seeds not seen. 

Distribution: Known only from Mount Canobolas State Conservation Area, SW of Orange, New South Wales, 
Australia. This location is situated within the Central Tablelands Botanical Division (South Eastern Highlands 
Biogeographic Region). Fig. 3 

Habitat: This species occurs in montane wet sclerophyll forest dominated by Eucalyptus dalrympleana Maiden, 
E. dives Schauer and E. rubida H.Deane 8c Maiden, with understorey shrubs of Mirbelia oxylobioides F.Muell., 
Polyscias sambucifolia (Sieber ex DC) Harms, Asterolasia rupestris B.J.Mole, Cassinia longifolia R.Br., C. arcuata 
R.Br. (Medd & Bower s.n.). Soils are recorded as basaltic loams (Medd & Bower s.n.). Altitude c. 1000 m. 

Etymology: The specific epithet gilesii’ was first proposed by Mr George Althofer (Althofer 1978) to 
acknowledge William (Bill) E. Giles who experimented in growing Australian and exotic plants’ (Althofer 

1978, p. 121). Giles discovered this new species in the 1940s (Althofer 1978), with the first known herbarium 
collection made by him on the 17th December 1950. 
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Fig. 1. Illustration of Prostanthera gilesii. a. habit; b. flowering branch; c. leaf surface, abaxial view; d. leaf lamina surface, 

abaxial view; e. detail of abaxial leaf lamina surface, showing hemispherical glands; f. flower, lateral view, showing 

calyx, corolla, translocated anthers, and slightly exerted style; g. open corolla, showing inner surface of lobes and tube, 

indumentum on lobes, and stamens h. anther (adaxial), dorsal view; i. anther (adaxial), ventral view (Giles s.n., 30 Nov 

1958, NSW). Scale bar: a = 60 mm; b = 24 mm; c, d & g = 20 mm; e = 3.3 mm; f = 12 mm; h & i = 2.5 mm. 
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Typification: The handwritten note (in Giles’hand) attached to the type material (Giles s.n., 30 Nov 1958) records 
that this collection was “a random collection from the lower (SW) colony..An additional note [in Nerida Ford’s 

hand ex NSW] presumably quotes correspondence from Giles by stating “A random collection of the Prostanthera 
twice previously sent - no attempt at a collection of botanical variants - my eyes fail but no 2 stems should come 
from the same plant.” Therefore, for the purposes of typification, the material in this collection is regarded as a 
gathering made at the one time (refer ICN 2012, Art. 8.2) even though the collector intended this to be a population 

collection of separate plants. The ‘duplicate’ samples, other than the holotype, are regarded as isotypes. 

Conservation status: This species is known only from two small populations at Mount Canobolas State 
Conservation Area within less than a 5 km2 area. The original collector of P. gilesii regarded this species as rare 
(Giles 1961). Since this species easily strikes from layered stems, the genetic diversity of this species is difficult 
to estimate, and each population could represent a single clone. Soil near two individuals afflicted with dieback 
symptoms (Steven Woodhall pers. comm.) tested positive for the presence of Phytophthora sp. Since no further 
populations have been discovered, and current populations are also in close proximity to invasive weedy 
species (Rubus sp.) and human activity, we suggest that this species, if assessed for listing under the New South 
Wales Threatened Species Conservation Act (1995), would satisfy the criteria for at least Endangered status, if 
only because of its very restricted distribution. This species also meets the Endangered category under the Red 
List of Threatened Species (IUCN 2015), since it is not known at more than five locations, and with respect to 
pests and recent detection of Phytophthera sp., there is an observed continuing decline in the habitat quality. 

Other specimens examined (although the numbers associated with some of the Giles collections are possibly 
not collection numbers, they are cited here as they are unique amongst his collections): AUSTRALIA: New 

South Wales: Central Tablelands (South Eastern Highlands): Mount Canobolas State Conservation Area: 
Devils Hole: W.E. Giles 1,5 Jan 1960 (NSW128316), W.E. Giles 2, 29 Dec 1963 (NSW128317); W.E. Giles 3,17 
Dec 1950 (NSW128312), W.E. Giles 5, 18 Nov 1957 (NSW128313), 30 Nov 1958 (NSW128315), R.W.Medd 
& C.C. Bower s.n., 13 Dec 2006 (NSW774769), T.C. Wilson 581, M.A.M. Renner & R.W. Medd, 23 Jun 2015 
(NSW); Upper Towac Creek, T.C. Wilson 577 & M.A. Winkler, 20 Jun 2015 (NSW). 

Prostanthera makinsonii B.J.Conn & T.C.Wilson, sp. nov. Figs 2,3 

This species is morphologically similar to Prostanthera granitica Maiden & Betche but differs by having green 
leaves, 15-20 mm long, 5-10 mm wide, with petiole 1.5-2 mm long (P. granitica has glaucous leaves, that are 
6-15 mm long, 2-5 mm wide, and with petiole up to 1 mm long); corolla 15-20 mm long (P. granitica with 
corolla 8-10 mm long); and branchlets and leaves with hairs ± patent (P. granitica with hairs ± antrorse). 

Holotype: New South Wales: Southern Tablelands: Kosciuszko National Park: along Dinner Time Creek, S of 
Stokes Hut, N. Taws 225 & A. Scott, 30 Oct 1993 (NSW624624); isotypes: CBG, MEL. 

Spreading shrub, up to 2 m high. Branchlets ± terete, moderately to densely hairy on internodes and nodes [up 
to c. 60 hairs/mm2]; hairs patent or slightly spreading, 0.4-1.2 mm long, ± straight to slightly curved distally, 
white; glands distinct, hemispherical, subsessile, moderate to dense [20-48 glands/mm2]. Leaves green, paler 
below, strongly aromatic; petiole 1.5-2 mm long; lamina ovate to slightly narrowly so, 15-20 mm long, 6-10 mm 
wide (length to width ratio 1.7-2.5, length of maximum width from base to total lamina length ratio 0.24-0.3), 

moderately to sparsely hairy [up to c. 20 hairs/mm2], on abaxial surface mostly confined to midrib, secondary veins 
and margin, with hairs 0.2-0.6 mm long, sub-patent to spreading, straight to slightly curved distally, moderately 
to densely glandular [25-48 glands/mm2]; base rounded to obtuse; margin entire, incurved; apex obtuse; venation 
distinct, midrib raised on abaxial surface. Inflorescence a frondobracteose botryoidal superconflorescence, 
conflorescence bracteose botryoidal (with one pair of leaves basally), uniflorescence monadic; 8-12-flowered 
(per conflorescence). Podium 1.5-2 mm long, hairy, sparsely glandular. Pherophylls ovate to obovate, sometimes 
broadly so, (1.5-)2.5-3.5 mm long, (1.3-) 1.5-2 mm wide (length to width ratio (1.2-) 1.6-2, length of maximum 

width from base to total lamina length ratio 0.3-0.6), soon caducous (often not seen). Prophylls ± persistent, 
inserted near base of calyx (at axis to anthopodium ratio 2-4), opposite, narrowly elliptic, 2-2.5 mm long, 
0.5-0.8 mm wide (length to width ratio 3-4, length of maximum width from base to total lamina length ratio 

c. 0.5), moderately hairy, with hairs c. 0.2 mm long, ± patent, moderately glandular; base slightly attenuate; 
margin entire; apex obtuse; venation not visible. Calyx green, at least sometimes with maroon tinge; outer surface 
moderately to densely hairy (especially along ridges of main veins) and glandular (hairs and glands as for leaves); 
inner surface of tube glabrous, lobes densely hairy, hairs crinkled, appressed or ± patent, up to c. 0.1 mm long; 
tube 2-2.5 mm long; abaxial lobe broadly to very broadly ovate, 2-3 mm long, 3-3.4 mm wide at base (length 
to width ratio 0.8-1), apex rounded; adaxial lobe very broadly ovate, 2.2-3 mm long, 3-3.2 mm wide at base 
(length to width ratio 0.7-0.9), apex rounded (adaxial lobe length to abaxial lobe width ratio 0.7-1.1). Corolla 
7.5-8 mm long, purple, markings presumed absent; outer surface glabrous basally, distally with a few scattered 
hairs (hairs ± patent, up to c. 0.2 mm long) and glands, especially on lobes; inner surface glabrous; tube 20-25 
mm long; abaxial median lobe spathulate, c. 5 mm long, c. 3 mm wide (below distal lobing) (length to width 
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ratio 1.6-1.7), apex slightly irregular and rounded, bilobed (sinus c. 1 mm long, up to c. 1 mm wide distally); lateral 
lobes oblong to slightly elliptic, 4-4.2 mm long, 2.5-2.7 mm wide (length to width ratio 1.5-1.6), apex rounded 

to slightly retuse, irregular; adaxial median lobe-pair depressed ovate, 32-3.5 mm long, 5.5-6.5 mm wide (length 
to width ratio 0.5-0.6), apex rounded, irregular, bilobed (sinus 1-1.2 mm long, c. 1 mm wide, median margin of 
lobes not overlapping or slightly overlapping). Stamens inserted 15-18 mm above base of corolla; filaments white, 
18-20 mm long; anthers (colour not known) 0.8-1 mm long, acumen present, connective appendage 0.6-0.8 mm 
long, with a few narrowly triangular trichomes basally (up to 0.2 mm long), also on base of locules and acumen. 
Disc 0.3-0.4 mm long. Pistil 7-8 mm long; ovary cylindrical obovoid, 0.6-0.8 mm long, at base c. 0.7 mm diam., 

lobes c. 0.2 mm long; style 6-7 mm long; stigma lobes 0.2-0.3 mm long (± equal in length). Fruiting calyx not or 
only slightly enlarged (adaxial median lobe-pair 3.5-4 mm long, 4.5-5 mm wide; only immature fruits seen). 
Mature mericarps and seeds not seen. 

Fig. 2. Illustration of Prostanthera makinsonii. a. habit; b. flowering branch; c. flower, lateral view, showing calyx, corolla 

and exerted style; d. flower, ventral view, showing corolla inner surface of lobes and tube, stamens and distal half of style; 

e. anther (adaxial), dorsal view; f. anther (adaxial), lateral view; g. leaf lamina surface, abaxial view, showing details of hairs 

and hemispherical glands on venation and leaf surface; h. leaf surface, abaxial view, showing hairy petiole and lamina surface; 

i. leaf surface, adaxial view, showing hairy petiole and lamina surface (N. Taws 225 & A. Scott, NSW). Scale bar: a = 100 mm; 

b = 30 mm; c & d = 10 mm; e-g = 2.5 mm; h & i = 15 mm. 
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Fig. 3. Photographs of Prostanthera gilesii and P. makinsonii. a, habit and habitat of P. gilesii; b, older branches of P. gilesii, 

showing adventitious roots; c, ventral view of P. gilesii flower in male phase, showing corolla lobes, corolla throat, staminal 

filaments, position of anther locules and anther appendages; d, oblique view of dichogamous flower in female phase, 

showing inner surface and markings of corolla tube and lobes, translocated stamens, and incurved style; e, fruiting calyces 

enclosing developing mericarps (not visible); f, habit and inflorescences of P. makinsonii. Scale bar = 2.5 mm. Photographs 

by T. Wilson (P. gilesii) and N. Taws (P makinsonii). 
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Fig. 4. Distribution map of Prostanthera gilesii (red square) and P. makinsonii (blue square) in New South Wales, south¬ 

eastern Australia. Australian Capital Territory is marked by hashed lines. 

Distribution: Known only from the Goobarrangandra Valley area in the Southern Tablelands (South Eastern 
Highlands) of New South Wales, Australia. Fig. 4 

Habitat: This species is locally abundant in a restricted area (c. 20 m x 150 m, Taws 225) in open forest 
dominated by Eucalyptus radiata Sieber ex DC., with dense understorey of Acacia pravissima F.Muell., Lomatia 
myricoides (C.F.Gaertn.) Domin, Daviesia ulicifolia Andrews, Leucopogon lanceolatus (Sm.) R.Br. and Pteridium 

esculentum (G.Forst.) Cockayne. It can also be found amongst Bursaria spinosa subsp. lasiophylla (E.M.Benn.) 
L.Cayzer, Crisp & I.Telford in deep shade of a thicket of Leptospermum sp. Soils are recorded as clay loams on 
Goobarragandra Volcanics on lower slope of steep hillside (Taws 225). Altitude 400-730 m. 

Etymology: The specific epithet makinsonii’ acknowledges the significant contribution that Mr Robert (Bob) 
Makinson (Conservation Botanist, Royal Botanic Gardens, Sydney) has made to the conservation of the flora 
of New South Wales. He is a life member of the Australian Network for Plant Conservation Inc., being a member 
since 1992 and President from 2007-2011. Other key conservation roles that Bob has undertaken include: 
Chairman of the Endangered Flora Network (1997-2000); Royal Botanic Gardens Trust representative 
(2001-2003) on New South Wales Native Vegetation Implementation Group; Member of the New South Wales 
Scientific Committee (2005-2010) responsible for assessment and listing of threatened species, populations, 
ecological communities, and Key Threatening Processes under the New South Wales Threatened Species 
Conservation Act; and Member of the New South Wales Office of Environment and Heritage Saving Our Species 
Implementation Working Group and its progenitors (2010-). He has published extensively on conservation 
issues, and he encouraged us to determine the taxonomic status of this very localised plant. 

Conservation status: Although this species is afforded some protection by being included in the Kosciuszko 
National Park, it is known only from two small areas. It is likely that, if assessed for listing under the New South 
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Wales Threatened Species Conservation Act (1995), this species would meet the criteria for at least Endangered 
status, if only because of its very restricted distribution. Although only two populations of P. makinsonii are 
known to exist, the IUCN status should remain as data deficient until habitat and population fluctuations have 
been assessed (IUCN 2015). 

Other specimen examined: AUSTRALIA: New South Wales: Southern Tablelands: (South Eastern 
Highlands): Goobarrangandra River, R.O. Makinson 876, G. Butler & W.M. Molyneux, 9 Nov 1991 (AD, BRI, 
CANB, K, MEL, NSW, PERTH, US) 

Key to species of Prostanthera in New South Wales 

Previous modifications to parts of this key to the species of Prostanthera occurring in New South Wales (Conn 
1997, Conn and Wilson 2014, Hunter et al. 2006) and the two new species described here are incorporated in 
this new key. 

1 

1* 

2 

2* 

3 

3* 

4 

4* 

5 

5* 

6 

6* 

7 

7* 

8 

9 

9* 

10 

10* 

11 

11* 

12 

Calyx lobes unequal in length; corolla mauve to white, with tube short, broad apically; lower lobe longer 
and more spreading than the erect upper lobes; fruit enclosed by inward folded lower calyx lobe; upper 
calyx lobe usually recurved .2 

Calyx lobes ± equal in length; corolla red to pink, or bluish to yellowish green (never mauve to white) 

with tube long, slightly expanded apically; median upper and lower lobes ± equal; fruit not enclosed by 
the calyx lobes . 54 

Flowers arranged in bracteose inflorescences (appearing terminal), the floral leaves all or mostly reduced 
to membranous, usually caducous prophylls.3 

Flowers arranged in leafy botryoids (appearing axillary), with subtending leaves (of flowers) similar to 

and sometimes smaller than the leaves on the branchlets.25 

Leaves with margin entire.4 

Leaves with margin variously toothed.15 

Branches glabrous, except for nodes and/or lateral ridges.5 

Branches sparsely to densely hairy.6 

Branches with hairs restricted to nodes; leaves narrowly ovate to linear, usually less than 40 mm long, 
less than 5 mm wide, petiole absent or up to 2 mm long.P. linearis 

Branches with hairs restricted to lateral ridges and nodes; leaves ovate, 40-70 mm long, 12-26 mm wide, 
petiole 5-12 mm long.P. petraea 

Anther appendages as long as locule.P. prunelloides 

Anther appendages absent or less than half the length of a locule.7 

Leaves with lamina very broadly ovate or almost circular.8 

Leaves with lamina ovate or narrowly ovate.9 

Leaves grey-green; lamina very broadly ovate, base truncate; prophylls reduced, soon caducous (in 
flower); anthers separated during anthesis.P. cruciflora 

Leaves dark to light green; lamina almost circular, base cuneate; prophylls conspicuous and persistent; 
anthers held in pairs within corolla tube.P. rotundifolia 

Leaf margin flat, leaves glabrous.10 

Leaf margin recurved, leaves hairy.13 

Calyx densely hairy; leaves with lamina narrowly ovate.P. discolor 

Calyx glabrous or almost so; leaves with lamina ovate.11 

Largest leaves at least 2.5 cm long .P. ovalifolia 

Largest leaves less than 2.5 cm long .12 

Indumentum consisting of short, curled hairs .P. cineolifera 
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12* 

13 

13* 

14 

14* 

15 

15* 

16 

16* 

17 

17* 

18 

18* 

19 

19* 

20 

20* 

21 

21* 

22 

22* 

23 

23* 

24 

24* 

25 

25* 

26 

26* 

27 

27* 

28 

28* 

Indumentum consisting of short, straight hairs .P. lanceolata 

Leaves 8-13 mm long, ovate but appearing rhombic when margin excessively recurved after drying.... 
.P. stricta 

Leaves 10-30 mm long, narrow ovate to ovate, but never ovate when shorter than 15 mm long.14 

Leaves 1.5-6 mm wide, margins often strongly revolute.P. hirtula 

Leaves 6-10 mm wide, margins weakly recurved.P. makinsonii 

Leaves flat.16 

Leaves with margin recurved or revolute.23 

Leaves deeply toothed with teeth rounded and directed forward; branches and leaves moderately to 
densely covered with distinct, long (1-1.5 mm long), ± spreading hairs.P. askania 

Leaves shortly toothed; branches and/or leaves glabrous or if hairy then hairs short (less than 1 mm 
long) and curled.17 

Flowers white, or with pale wash of mauve, spots in throat of corolla, inside and outside of corolla hairy, 
anther appendage at least as long as anther locule.18 

Flowers deep mauve, corolla markings absent, inside corolla not hairy, anther appendage shorter than 
locule or absent. 19 

Petiole 4-8 mm long, lamina width 20-30 mm.P. lasianthos 

Petiole 2-5 mm long, lamina width 4-5 mm.P. tallow a 

Leaves with lamina almost circular, base cuneate.P. rotundifolia 

Leaves with lamina ovate to narrowly ovate.20 

Leaves with usually 3 teeth on each side of margin, older branches sometimes inserted at 90 degree 
angle .P. incisa 

Leaves entire or with teeth, older branches inserted at less than 90 degree angle.21 

Calyx densely hairy; leaves with lamina narrowly ovate to oblong.P. discolor 

Calyx glabrous or almost so; leaves with lamina ovate.22 

Branchlets hairy or with hairs at least restricted to decussate grooves .P. ovalifolia 

Branchlets glabrous.P. caerulea 

Leaves glabrous, except for a few short stiff hairs near margin of leaf. P. denticulata 

Leaves hairy on both surfaces, margins crenate.24 

Leaves c. 5(-7) mm long, with short, stiff hairs.P. violacea 

Leaves (8-) c. 10 mm long, finely and densely hairy.P. incana 

Leaves convex or with margin recurved to revolute.26 

Leaves flat or margin conduplicate or incurved.42 

Leaves ± terete, oblong, linear, or deeply 3- or 5-fid (in P. staurophylla) with lobes linear.27 

Leaves narrowly ovate to broadly ovate, ± circular or obovate, never lobed.33 

Leaves ± terete; leaf margin entire or deeply 3- or 5-fid and lobes 3-5 mm long; prophylls not persistent, 
c. 0.5 mm long; branches densely covered with shortly curled hairs.28 

Leaves oblong, narrowly oblong or linear; leaf margin entire; prophylls persistent, at least 1.6 mm long; branches 
glabrous between nodes or sparsely to densely covered with ± straight, spreading to appressed hairs.29 

Adult leaves grey-green, strongly revolute such that lamina appears subterete, 5-16 mm long; margin 
entire or deeply 2- or 3-fid, densely covered with sessile glands; branches densely covered with sessile 
glands; anther appendage absent or minute. P. teretifolia 

Adult leaves lime- to dark green, oblong or linear, if lobed, then lobes linear, never terete-like, 2-9 mm 
long, deeply (2-)3(-7)-fid, with scattered glandular hairs adaxially; branches densely covered with 
podiate glandular hairs; anther appendage present.P. staurophylla 
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29 

29* 

30 

30* 

31 

31* 

32 

32* 

33 

33* 

34 

34* 

35 

35* 

36 

36* 

37 

37* 

38 

38* 

39 

39* 

40 

40* 

41 

41* 

42 

42* 

43 

Branches 4-ridged (often winged), glabrous, except for nodes.30 

Branches not 4-ridged, hairy throughout.31 

Nodes and bases of short shoot distinctly hairy; flower approximately 4 times longer than pedicel; 
prophylls opposite; adaxial calyx lobe apiculate and approximately equal in size to abaxial calyx lobe 
.P. linearis 

Nodes with a few short hairs present; pedicels as long as or up to 2 times as long as the flower; prophylls 
± subopposite; adaxial calyx lobe rounded, shorter than abaxial calyx lobe.P. elisabethae 

Leaves with apex acute; calyx lower lip often retuse with two sharp points, calyx glabrous. 

.P. scutellarioides 

Leaves with apex obtuse; calyx lower lip rounded and hirsute or with at least a few sparse hairs.32 

Leaves evenly covered with short straight hairs and margin shortly (often indistinctly) lobed to bluntly 
toothed; hairs suberect to spreading, not appressed; anther appendage absent.P. stenophylla 

Leaves with only a few hairs or glabrous and with margin entire; hairs appressed, antrorse, short; anther 
appendage present.P. saxicola 

Leaves wrinkled with margin crenate.P. rugosa 

Leaves ± smooth with margin entire.34 

Spines present, weakly erect or prostrate shrubs.P. sejuncta 

Spines absent, open erect shrubs.35 

Leaves ± circular, usually appearing angular-ovate (rhombic) . P. rhombea 

Leaves narrowly ovate to ovate or obovate.36 

Leaves glabrous.37 

Leaves hairy, at least with a few short tooth-like hairs near margin.38 

Leaves obovate, 4-6.5 mm long; prophylls not persistent, 3-3.5 mm long; strongly aromatic shrub; 
branches densely covered with short, ± spreading hairs.P. cuneata 

Leaves narrowly ovate, 5-15 mm long; prophylls persistent, 2.5 mm long; slightly aromatic; branches 
sparsely covered with short, appressed hairs between ridges .P. phylicifolia 

Leaves often with upper surface almost glabrous, having a few tooth-like hairs.39 

Leaves with upper surface moderately to densely hairy.40 

Leaves hairy, at least with a few short tooth-like hairs near margin; branches densely covered with short 
to long spreading to antrorse hairs; corolla without markings in throat.P. decussata 

Leaves with upper surface almost glabrous, having a few tooth-like hairs; branches predominantly 
glandular, usually sparsely to moderately covered with short, ± antrorse hairs; corolla throat with dark 
purple spots.P howelliae 

Anther appendage absent, dark mauve markings in corolla, leaves grey-green, never toothed (note: if 
corolla markings absent and leaves not grey-green, then = P. rhombea).P. granitica 

Anther appendage about as long as locule, lower inside corolla throat white covered with orange 
markings; leaves green, sometimes toothed.41 

Branchlets, leaves and calyces scabrous hirsute; leaves narrowly ovate to narrowly elliptic, up to 8 mm 
long; prophylls up to 2.5 mm long.P. marifolia 

Branchlets, leaves and calyces densely and softly hairy; leaves broadly ovate, often cordate, 6-13 mm 
long; prophylls 2-5.5 mm long.P. densa 

Branchlets, leaves and calyces with glandular hairs.43 

Branchlets, leaves and calyces without glandular hairs.44 

Calyx and branches not appearing glandular because podiate glands <0.02 mm long; calyx with inner 

surface glabrous or with an occasional hair and gland (visible by lOx magnification); adaxial calyx lobe 
with apex rounded to 3-lobed.P. cryptandroides subsp. cryptandroides 
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43* Calyx and branches distinctly glandular, podiate glands (0.1—)0.2—0.6; mm long; calyx with inner 
surface glandular (visible by lOx magnification); adaxial calyx lobe rounded to slightly emarginate. 
.P. cryptandroides subsp. euphrasioides 

44 Branchlets, leaves and calyces glabrous.P. striatiflora 

44* Branchlets, leaves or calyces hairy.45 

45 Leaves narrowly obovate (often appearing almost linear) or linear, conduplicate or incurved, usually 
appearing ± terete.46 

45* Leaves ± flat or slightly channelled above; margin slightly incurved or slightly recurved.47 

46 Erect shrub 1-4 m high; adaxial calyx lobe 3-5 mm long; corolla 14-18 mm long; anther appendage 
c. 1.5 mm long; leaf lamina 10-50 mm long, 0.5-2 mm wide. P. nivea 

46* Low spreading, decumbent or sub-prostrate, or weakly erect subshrub, 0.1-0.3 m high; adaxial calyx 
lobe 1.5-1.8 mm long; corolla 8-12 mm long; anther appendage 0.5-0.7 mm long; leaf lamina 8-16 mm 
long, 1-4 mm wide (note: elliptic to narrowly elliptic leaves are also present on young plants or near the 
base of older plants) .P.junonis 

47 Branchlets moderately to densely hairy, with hairs patent or slightly spreading . P. makinsonii 

47* Branchlets appearing sparsely hairy or with hairs restricted to opposite decussate bands.48 

48 Branchlets with opposite decussate bands of hairs (often superficially appearing glabrous).49 

48* Branchlets sparsely hairy with appressed hairs, or if almost glabrous then hairs restricted to nodes.52 

49 Leaves obovate to ± spathulate; calyx with inner surface glabrous and outer surface densely hairy . 
.P. palustris 

49* Leaves linear, ovate, elliptic, or narrowly obovate; calyx variously hairy or glabrous throughout.50 

50 Strongly aromatic shrub; leaves with margin dentate to deeply dissected.P. incisa 

50* Non-aromatic or faintly aromatic shrub; leaves with margin entire.51 

51 Erect shrub to 2 m high; calyx with outer surface glabrous or almost so; anther appendages absent. 
.P. hindii 

51* Low spreading, decumbent, weak subshrub, erect when young 0.1-0.3 m high; calyx with outer 
surface sparsely to densely hairy, especially on abaxial surface of tube and abaxial lobe (distinct anther 
appendages almost as long as the locule) .P.junonis 

52 Leaves (5-)6-10 mm wide, fresh leaves aromatic when crushed.P gilesii 

52* Leaves less than 5 mm wide, not aromatic when crushed.53 

53 Leaves up to 15 mm long, branches lacking ridges.P. saxicola 

53* Leaves 15 mm long, branches distinctly 4-ridged .P. linearis 

54 Prophylls inserted at base or on lower half of pedicel.P. ringens 

54* Prophylls inserted at base of calyx or on upper half of pedicel.55 

55 Leaves with lamina ± terete.P. aspalathoides 

55* Leaves with lamina ovate to narrowly ovate, sometimes ± circular, never terete or linear-obovate.56 

56 Branches 4-angular and 4-ridged, ridges fused to base of petiole.P. porcata 

56* Branches ± terete, ridges absent.57 

57 Leaves with lamina less than 5 mm long; petiole absent or to 0.5 mm long; venation not visible. 
.P. serpyllifolia 

57* Leaves with lamina more than 10 mm long; petiole more than 1.5 mm long; venation visible, often 
faint.58 

58 Prophylls 10-18 mm long; inner surface of calyx lobes hairy; leaves non-aromatic.P. monticola 

58* Prophylls 4-6.5 mm long; inner surface of calyx lobes glabrous; leaves aromatic.P. walteri 
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Abstract 

Two new species of Tristaniopsis (Myrtaceae) are described for Sabah: Tristaniopsis musa-amanii Berhaman & 
Peter G.Wilson and T. sam-mannanii Berhaman & Peter G.Wilson. Both species occur on ultramafic substrates. 

Introduction 

Tristaniopsis Brongn. & Gris is a genus of c. 50 species, with a distribution extending from Burma and Thailand 
in the north, through Malesia and extending to eastern Australia and New Caledonia. The World Checklist of 
Myrtaceae (Govaerts et al. 2008) includes 25 species in Malesia, many of which occur on the island of Borneo. 
In the recent family treatment in the Tree Flora of Sabah and Sarawak, Ashton and Teo (2011) recognised 11 
species, four of which were divided into subspecies. 

A recent study of the genus in Borneo (Berhaman 2011) has revealed greater diversity in the genus than 
indicated by Ashton and Teo (2011) and a further nine putative new taxa were identified, all but one of which 
occur in Sabah. We are here taking the opportunity to describe two of these new taxa for Sabah to coincide 
with the 2015 international ‘Heart of Borneo’ conference. 

Taxonomic account 

Both species described here have been studied in the field. Initial measurements were based on fresh material, 
confirmed and supplemented by additional measurements on dried herbarium material where necessary. 
Inflorescence terminology follows Briggs and Johnson (1979). 

Tristaniopsis musa-amanii Berhaman & Peter G.Wilson, sp. nov. 

Type: Malaysia: Sabah: Ranau, Kg. Nalumad, Berhaman A. 878 et al, 5 Oct 2015 (holo: SAN; iso: K, KEP, L, 
NSW, SING, UMS). 

Diagnosis: Similar to Tristaniopsis microcarpa P.S.Ashton in having white deciduous bark but distinguished 
from it and other species in Sabah by the following combination of characters: young growth and inflorescences 

covered with short brown hairs, petiole slender up to 2.5 cm long, leaves oblong-elliptical with the abaxial 
surface of the lamina densely hairy, the adaxial surface glabrous, and the margins somewhat revolute. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Fig. 1. Tristaniopsis musa-amanii Berhaman & Peter G.Wilson. A. Blaze showing thin outer bark and brownish to white 

inner bark; B. inflorescence showing brown, tomentose axes and creamy white petals; C. young leaves densely covered 

in brown hairs; D. fully expanded thyrsoid infructescence showing the ellipsoid capsules, leaves with sunken midrib and 

revolute margin, and the distinct, slender petiole. Photos: Berhaman Ahmad. 

Tree of medium height, to 20 m tall; trunk 20-25 cm diameter, lacking buttresses. Bark smooth, white, deciduous, 
peeling off in thin strips; inner bark white, sapwood pale yellow. Twigs round, young parts densely hairy; 
epidermis not soon peeling off. Leaves oblong to elliptical, 4.5-7.5 cm long, 1.3-3.5 cm wide, upper surface 
glabrous, sometimes slightly bullate, lower surface densely clothed with brown hairs; base cuneate, petiole distinct 
2-2.5 cm long, covered with brown hairs; apex acute to acuminate; secondary veins sparse 18-22 pairs, 5-6 mm 
apart, raised below and obscure above; midrib sunken on upper surface, raised on lower surface; margin slightly 
revolute, intramarginal vein inset c. 1 mm. Inflorescence a thyrsoid, always longer than the leaf blade; peduncle 
slender, 5-8 cm long, hairy, 3-4-branched; flowers up to 20; bracts persistent, 8-12 mm long, 3-4 mm wide, 
densely covered with brown hairs. Flowers creamy white; pedicel 1-2 mm long; hypanthium shallow, hairy; 

petals 5, white, 2.5-3 mm across; stamens yellowish, l-2(-3) opposite each petal; filaments glabrous, 1-1.5 mm 
long; anthers dorsifixed, c. 0.2 mm long; stigma capitate, style 1.5-2 mm long; ovary half-inferior. Capsule 
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ellipsoid, glabrous, 4-5 mm long, 1.5-2 mm wide, only the lowermost quarter immersed in the hypanthium, 
pedicel 1-1.5 mm long; seeds 4-4.2 mm long, wing 2-2.5 mm long, 1-1.5 mm wide. Fig. 1 

Distribution: Endemic to Borneo; recorded from Sabah, Sarawak and Brunei Darussalam. 

Etymology: The specific epithet honours Datuk Seri Panglima Musa Aman, Chief Minister of the state of 
Sabah since 2003, who is in charge of the management of natural resources in Sabah, including conservation 
and sustainable management of forest resources. 

Habitat: Recorded on ultramafic substrates, common around Mt Kinabalu and Crocker Range in Sabah. Also 
recorded on ultramafic substrates in Sarawak and Brunei. 

Selected specimens examined: MALAYSIA: Sabah: Tuaran, G. Alab, Sumbing SAN 121663, 11 Aug 1987 
(SAN, K, KEP); Tambunan, Trusmadi FR, Mikil SAN 32077, 26 Sep 1962 (SAN); Ranau, Kinabalu National 
Park, Meijer SAN 54005,16 Sep 1965 (SAN); G. Alab, Tambunan, Sumbing SAN 121663,11 Aug 1987 (SAN); 
Meijer SAN 21953, Jun 1960, Ranau, Kinabalu National Park (SAN); Tambunan, Crocker Range, James & Aban 
SAN 65015,9 Oct 1969 (SAR, K, SAN); Ranau, Kg. Nalumad, Daim Andau 325, 15 Dec 1995 (SAN, K); Ranau, 
Nalumad, Daim Andau 546,24 Aug 1996 (K); Sipitang, Meligan, Diwol SAN 141804,24 Mar 1999 (SAN, KEP); 
Kinabatangan, Gn. Rara FR, Wong2142,25 Jul 1992 (SAN, SAR). MALAYSIA: Sarawak: Bario, Apad Keruma, 
Pa Kelapang, Marudi, YU S.558553,1 May 1968 (SAR, SAN); Limbang, Ulu Sg. Berangan, Rena S.60834,9 Mar 

1991 (SAR); Lawas, Bukit Binuda, Rena S.60908, 15 Nov 1991 (SAR); Bau, Gunung Orad, Rantai S.70219, 
29 Dec 1994 (SAR); Limbang, Sg. Sipayan, Lai S.76877,24 Apr 1974 (FRIM, SAR). BRUNEI DARUSSALAM: 
Gunung Pagon Periuk, Limbang, Ashton BRUN2414A & B, Apr 1958 (SAR). 

Notes: Beaman and Anderson (2004) cited two unnamed species of Tristaniopsis: T. sp. 1 (John H. Beaman 
7676 & 7709, Hampuan Hill, 1300 m a.s.l) and T. sp. 2. (Daim Andau 325). The first author has examined 
photographs of these specimens, courtesy of the late John Beaman. Indeed, Daim Andau 325 is a Tristaniopsis 
and is the taxon described here as Tristaniopsis musa-amanii. However, the specimens Beaman 7676 & Beaman 
7709 are not a species of Tristaniopsis and most likely represent a species of Symplocos (Symplocaceae). 

Tristaniopsis sam-mannanii Berhaman & Peter G.Wilson, sp. nov. 

Type: Malaysia: Sabah: Mount Alab, Tambunan, Berhaman A., P.G. Wilson, Postar M. and S. Sengun SAN 
152569,29 Aug 2010, (holo: SAN; iso: K, KEP, L, NSW, SING). 

Diagnosis: Bark is persistent, corky and scaly making it most similar to Tristaniopsis kinabaluensis P.S.Ashton 
sensu lato but the new species is distinct in having glabrous leaves, flowers with l(-2) stamens opposite each 
petal, and a glabrous, ellipsoid-oblong capsule. 

Synonym: T. kinabaluensis sensu Ashton (2005) pro parte. 

Tree to 20 m tall; trunk 35 cm diameter. Bark persistent, corky, scaly; inner bark white, thin; sapwood pale, 
white. Twigs somewhat square in cross-section, glabrous; epidermis peeling off in thin flakes. Leaves oblong 
to elliptical, thick and leathery, discolorous (undersurface yellowish); lamina 7.5-9.5 cm long, 4-5.5 cm wide, 
glabrous on both surfaces; base cuneate; petiole 5-8 mm long, with a narrow wing 1.5-2 mm wide; apex 
rounded obtuse; secondary veins 3-4 mm apart, raised and coarse on upper surface with distinct net-like 
tertiary veins, smooth on lower surface; midrib sunken on upper surface, raised on lower surface; intramarginal 
vein inset c. 1 mm. Inflorescence a corymb-like (flat-topped) thyrsoid; peduncle 2.5-6 cm long and 3.5-5 mm 
thick, 2-3-branched, multi-flowered (up to 50). Flowers creamy white to pale yellow, pedicel 1.5-2 mm long; 
hypanthium shallow, glabrous; petals 5, white, c. 3.5-4.2 mm across; stamens yellowish, l(-2) opposite each 
petal; filaments glabrous, c. 3 mm long; anthers dorsifixed, c. 0.5 mm long; stigma capitate, style c. 2.5 mm long; 
ovary half-inferior. Capsule ellipsoid, glabrous, 3-4 mm long, 1.5-2 mm wide, only the lowermost quarter 

immersed in the hypanthium; seeds winged, 2.5-3 mm long and 0.5-1 mm wide. Fig. 2 

Distribution: Apparently endemic to Sabah. 

Etymology: The specific epithet honours Datuk Sam Mannan, Director of the Sabah Forestry Department, 
who has vigorously promoted the protection and sustainable use of forest resources. 

Habitat: Recorded on ultramafic substrates, Gunung Alab, Tambunan, and Gunung Trusmadi and Crocker 
Range in Sabah. 

Other specimen examined: MALAYSIA: Sabah: Mount Alab, Tambunan, Berhaman A and Postar M. AB771, 

16 Mar 2009 (SAN). 

Taxonomic and Nomenclatural Notes: This taxon was included in the broadly circumscribed species 
T. kinabaluensis by Ashton (2005), but differs in bark, leaf indumentum, and the number of stamens. 
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Fig. 2. Tristaniopsis sam-mannanii Berhaman & Peter G.Wilson. A. Flowering branchlet with trunk in background; 

note persistent, scaly bark and blaze; B. close-up of top of inflorescence showing the single stamens opposite each petal; 

C. thyrsoid inflorescences with long, thick peduncles, branched 2-3 times, flowers clustered at the top, corymb-like; note 

also the glabrous leaves with short petioles. Photos: Berhaman Ahmad. 
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Abstract 

Fourteen taxa in the genus Mougeotia are described here for the Australian flora, and their distributions 
delineated. Many are new reports of taxa found in other parts of the world; some are reinstatements of 
previously reported species, like M. nummularioides, M. viridis and M. capucina, while there are three new 
varieties, M. laetevirens var. trochleifera, M. drouetii var. djelkiensis and M. tumidula var. palmerstoniana. This 
brings the verified species count for the continent to eighteen. 

Introduction 

While the relatively recent monograph of Zygnemaceae in Australia by Lewis and Entwisle (2007) recognises only 
four species of Mougeotia, six taxa are judged doubtful and thirteen names rejected because of a lack of sufficient 
supporting information (Lewis and Entwisle 1998 provides further analysis of older records). As is often the case 
with preliminary and status reviews such as that of Lewis and Entwisle (1998), enthusiasm was engendered for 
wider collecting and testing of the taxonomic hypotheses. Based on collections since then, particularly around 
Darwin and in the Pilbara, a further 13 taxa of Mougeotia can be added to the algal flora of Australia. 

Materials and Methods 

As with Lewis and Entwisle (1998), this account is based solely on morphology revealed by light microscopy, 
with opportunities for molecular comparison curtailed because of resourcing constraints and most of the taxa 
being mixed collections preserved in alcohol. However we reiterate the point made in our previous floristic 
papers that this documentation and alignment against existing nomenclature is a necessary precursor to a 
more thorough analysis of the algal flora using a combination of molecular and morphological criteria. 

Collections were either adventitious or part of larger vegetation surveys of rivers in the Pilbara and Darwin 
regions. Water quality data taken from the Aquatic Health Unit, Water Resources Division, Northern Territory 

Department of Land Resource Management and the Western Australian department formerly called the 
Department of Conservation and Land Management. 

Most specimens were preserved as (semi-)permanent slides with material mounted in Karo, some accompanied 
by liquid collections preserved in 70% ethanol. Collections are all held in NSW. 

Specimens were examined with a Leitz Laborlux D research microscope and drawing arm. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Figure 1. a, b: Mougeotia nummuloides, a., zygospores; b. filament with rhizoids (Upper Snowy River, New South Wales, 

Entwisle 3010); c, d: M. laetevirens, c. developing zygote, d. free zygospore (Elizabeth River, Northern Territory, A70); e, 

f: M. oedogonioides, e. maturing zygospore (Quart Pot Creek, Howell, New South Wales, Skinner 797), f. mature spore, 

magnified (Kumina, Western Australia, PSW580); g, h: M. viscosa, g. vegetative filament, h. two zygospores (Mitchell 

Creek, Palmerston, Northern Territory, A54); i, j: M. disjuncta, i. conjugating filaments, j. zygospore; k-m: M. transeauii, 

k. free zygospore (Moolkin Creek, Western Australia, P.G. Wilson s.n.), 1. autospore retained in cell (aquatic garden, Royal 

Botanic gardens, Sydney, New South Wales, Skinner 544), m. zygospore retained in conjugating cells (Moolkin Creek, 

Western Australia, P.G. Wilson s.n.); n-p: M. longiarticulata, n. rhizoidal base of vegetative filament, o. matured zygospore 

in conjugating filaments, p. maturing zygotes (Mitchell Creek, Palmerston, Northern Territory, A54). All scale bars 20 pm. 
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Figure 2. a. Mougeotia sphaeocarpa, mature zygospore (The Springs Creek, Western Australia, PWS059c); b. M. drouetii 

var. djelkensis two mature spores (Damidrum Billabong, Northern Territory); c. M. capucina, mature zygospore (Woronora 

River, Heathcote, New South Wales, A.H.S. Lucas s.n.); d-f: M. tumidula var. palmerstoniana, d. conjugating filament, 

e,f, zygospores (Mitchell Creek, Palmerston, Northern Territory, A185); g, h: M. viridis, g. single conjugation and vegetative 

cell (Bakers Creek, Inverell, New South Wales, Skinner 790, McPherson and Towler) h, zygotes in series (Douglas River, 

Northern Territory, A123); i-k: M. trapaeziformis, zygospores, (Bella Vista Waters, Baulkham Hills, New South Wales, 

WS. Rooney s.n.). 
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Taxonomy 

Mougeotia C.Agardh, Systerna algologia 83 (1824) nom. cons. 

Type species: M. genuflexa (Roth) C. Agardh 

Worldwide there are 100-150 species of Mougeotia, although numbers remain uncertain because of uncertainty 
about the distinctions between species defined on morphological characteristics alone. Species complexes in 
Spirogyra are well documented (Hoshaw and McCourt, 1988) and there is a probability that they may occur 
in Mougeotia. Most Flora accounts group species into four sections based on the disposition of the zygospore 
or autospore at maturity (Czurda 1932; Kolkwitz 8c Kreiger 1941; Kadlubowska 1984). These sections have 
not been tested or supported by molecular analyses but continue to provide a convenient framework for the 
classification and identification of species in the genus. 

For completeness, the four taxa documented by Lewis and Entwisle (2007) - Mougeotia daytonae, M. parvula, 
M. quadrangulata and M. sinensis - plus an additional species, M. lamellosa - added recently by Skinner (2015) 
are included in the key and the species list, but are not described or illustrated here, as those resources are 
readily avalible. 

5 

5* 

6 

6* 

Key to Australian taxa of Mougeotia 

1 Reproduction by autospore formation.Section Gonatonema 

1* Reproduction by zygospore formation through scalariform or lateral conjugation.2 

2 Zygospore formed entirely in the conjugation tube (Section Mesocarpus).4 

2* Zygospore formation wholly or partly involving gametangial cells . 3 

3 Zygospore formed in receptor gametangium and conjugation tube (Section Plagiospermum) . 12 

3* Zygospore formed in conjugation tube and both gametangia (Section Staurospermum) . 13 

4 Zygospore retained in the conjugation tube. 5 

4* Zygospore in gelatinous halo which replaces conjugation tube. 10 

Mesospore smooth.6 

Mesospore sculptured. 7 

Zygospore globose, 23-30pm diam.; vegetative cells 19-21 pm diam.M. parvula 

Zygospore cylindrical, spool-like, 27-50pm long, 34-45pm diam.; vegetative cells 23-30pm diam. 
.M. laetevirens var. trochleifera 

7 Mesospore with small dimple (scrobiculate). 8 

7* Mesospore reticulate to wrinkled. 9 

8 Zygospore globose; exospore thin-walled; vegetative cells 10-16pm diam. M. nummularioides 

8* Zygospore lozenge-shaped; exospore thick, laminated; vegetative cells 28-33pm diam.M. lamellose 

9 Vegetative cells 19-2 lpm diam. M. sinensis 

9* Vegetative cells 30-37pm diam.M. daytonae 

10 Mesospore scrobiculate (with small dimples) .M. disjuncta 

10* Mesospore with reticulations or wrinkles. 11 

11 Specialised plates in residual end of conjugation tube; vegetative cells 16-18pm diam.M. oedogonioides 

11* Residual end of conjugation tube open; vegetative cells 14-18pm diam. M. viscosa 

12 Zygospores tricornuate; chloroplast with 8 pyrenoids . M. transeauii 

12* Zygospore trefoil; chloroplast with 10-14 pyrenoids .M. longiarticulata 

13 Walls of gametangia thickened; contents becoming fibrous . 14 

13* Walls of gametangia not or slightly thickened; contents not becoming fibrous. 15 

14 Mesospore scrobiculate; vegetative cells 12-16pm diam.M. drouetii var. djelkiensis 
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14* Mesospore smooth or wrinkled; vegetative cells 18-20pm diam.M. sphaerocarpa 

15 Exospore only protruding into gametangia; mesospore smooth or finely punctate. 16 

15* Exospore and mesospore protrude into gametangia; mesospore lumpy or wrinkled . 18 

16 Mesospore smooth; vegetative cells <10pm diam. 17 

16* Mesospore finely punctate; vegetative cells 10-12pm diam.M. quadrangulata 

17 Vegetative cells 4.5-5.5pm diam.; exospore with single domes at corners. M. trapiziformis 

17* Vegetative cells 6-9pm diam.; exospore with bifid corners.M. viridis 

18 Buxiform zygospores with wrinkled mesospore; vegetative cells 1 l-14pm diam. 
.M. tumidula var. paimerstoniana 

18* Irregular quadrate zygospore with lumps; vegetative cells 1416pm diam.M. capucina 

Section Gonatonema Wittrock 

Reproducing by autospores only. 

No species confirmed for Australia but see note under Mougeotia transeauii. 

Section Mesocarpus (Hassall) Wittrock 

Zygote formed entirely within the conjugation tube. 

1. Mougeotia parvula Hassall, Annals and Magazine of Natural History, 11: 434 (1843). Lewis and Entwisle, 
Zygnemaceae 114 (2007) 

2. Mougeotia laetevirens (A.Braun) Wittrock, in Wittrock and Nordstedt, Algae exsiccatae, No. 58 (1887) 

Basionym: Craterospermum laetevirens A.Braun, Algarum unicellularum genera nova (1855) 

2a. Mougeotia laetevirens var. trochleifera S.Skinner and Entwisle, var. nov. 

Mougeotia laetevirens variatas laetevirens similis sed zygosporae ad trochleis nee pulvinatis necque cylindricis. 

Type: Australia: Northern Territory: Elizabeth River, upstream of Stuart Highway (DW40), Dostine, Metcalfe & 
Padovan A70,22 May 2003 (Holotype: NSW; Isotype: NT). 

Vegetative cells cylindrical, 23-27(-30) pm diam. Length/Diameter (L/D) 8-12, end-walls biconvex; chloroplast 
broadly strap-shaped, pyrenoids large (c. 8 pm diam.) numerous, (6-)8-12 either side of pinch at nucleus in 
two irregular rows. 

Conjugation regular scalariform; gametangia similar to vegetative cells. Conjugation tube at first cylindrical 
and equal from either side, becoming two wide clasps on either end of the zygospore, c. 20 pm diam., 25-30 pm 

long. Zygospore cylindrical, ends flat so appearing spool-like, occasionally somewhat crumpled across the 
middle, outer wall smooth, inner wall smooth, forming a thickened cylinder or disc round the spore, 27-50 pm 
between the two flat ends, 34-45 pm across the cylinder; walls and mesospore yellow. Fig. lc, d 

Etymology: trochleifera, from trochlea, ae a block or pulley. 

Specimens examined: NORTHERN TERRITORY: Mitchell Creek, downstream of Lambrick Avenue (DW23), 
Dostine, Metcalfe & Padovan A54,15 May 2003, /. Schult DW23-3,24 May 2010 (NSW, NT) [ pH 6.3-6.7; 72- 
451 pS-cm"1; 1.7-8.0 NTU]; Elizabeth River, upstream of Stuart Highway (DW40), Dostine, Metcalfe & Padovan 
A70,22 May 2003 [pH 6.8; 43 pS-cm1; 6 NTU] (NSW, NT); Amy Creek, (DW72) J. Schult DW72-2,5 May 2010 

[pH 7.6, 79 pS-cm'1, 6.3NTU] (NSW, NT) Douglas River, 4.8 km upstream of Oolloo Road crossing, Padovan 
& Metcalfe A 153 (NSW, NT) [pH 7.7; 41 pS-cm1; 3.2 NTU]. QUEENSLAND: Great Basalt Wall, near Burdekin 

River, pool, /. W. Cribb 925, 5 Sep 1981 (BRI). 

Notes: Mougeotia laetevirens is the oldest described taxon within a species group of some complexity, as can 
be seen from the number of taxa listed in Table 1. The variety we propose here, M. laetevirens var trochleifera, 
has the spool-shaped spores seen in M. opelousensis and M. acadiana, although without the mesospore 
sculpturing. It may well, with them, turn out to be no more than a morphospecies within the complex centred 
on M. laetevirens and M. varians when genetic and molecular biological examinations have been completed. 
Other taxa also share some characteristics with the Australian collections. Indeed there are few clear disjunctions 
between any of these taxa so our inclination is to use the oldest available name, M. laetevirens, but to recognise 
the distinctiveness of such entities, possibly considering them of varietal status. 
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Although voucher specimens have not been examined, the report of M. acadiana from Kakadu by Ling and Tyler 
(1986), with vegetative cell diameter of 23-30 pm, is consistent with our new variety and that zygospore is described 
and illustrated with a circular flange on each end’. All the collections cited above show spool-like zygospores. 

Table 1: Comparison of Mougeotia species with spool or similarly shaped zygospores 

Species Cell diam. (pm) Pyrenoid number Zygospore 
dimensions (pm) 

mesospore 

M. laetevirens var. trochleifera A54 23-27 c.12 30 x 34-43 smooth 

M. laetevirens var. trochleifera A70 25-26 numerous 27-50 x 36-45 smooth 

M. laetevirens var. trochleifera A153 25-30 12-16 48-55 x 25-30 smooth 

M. laetevirens var. trochleifera Cribb 

925.20 (BRI) 

27-29 numerous 48-57 x 25-27 smooth 

Australian material, summary 23-27(-30) 12-24, 2 rows 27-57 x 25-45 smooth 

M. angolensis W & GS West 25-29 4-6, one row 19-21 smooth 

M. laetevirens (A.Braun) Wittrock (22-)34-41 numerous 36-60 x 45-75 smooth 

M. varians (Wittrock) Czurda 25-27 numerous 48-60 x 64-78 smooth 

M. acadiana Transeau 43-53 numerous 51-70 x 57-78 smooth 

M. oblongata Transeau 19-22 6-12(-16), 

becoming 

scattered 

28-36 x 47-58 exospore smooth, 

mesospore spotty 

M. pseudo-opelousensis Gauthier- 

Lievre 

27-29 — 38-50 x 40-50 — 

M. opelousensis Taft 25-30 6-12, one row 46-65 x 30-45 finely punctate 

M. hupehensis Jao & Hu 27-30 6-12 50-57 x 54-56 - 

M. guanahacabibensis Reith 26-35.5 6-25 34-54.5 x 39-78 - 

Playfair (1918) s description of M. laetevirens does not conform to our variety Unfortunately Vial 158 in the 
Playfair collection at NSW has little recognisable algal matter, and both vial 328 and vial 332 have no preserved 
material of Mougeotia remaining, so we cannot confirm this identification. The collections by Bancroft sent 
to Moebius in the 1890s are now lost. Moebius (1892) gives the vegetative cell diameter as 34 pm, whereas 
Bailey (1893) illustrates Moebius’ comments with an illustration of M. laetevirens var. varians of Wittrock 
and Nordstedt. The further comments in Bailey (1895) only confirm that the taxon was found at Burpengary 
on a second occasion. Lewis and Entwisle (1998) accept this and all other records of M. laetevirens from 
Australia. Based on the summary description in that paper we refer those records (from New South Wales and 

Queensland) to the type variety with caution until similar fresh material is collected. 

3. Mougeotia sinensis L-C Li Ohio Journal of Science, 33:152 (1933). Lewis and Entwisle, Zygnemaceae: 114 (2007) 

4. Mougeotia daytonae Transeau, Transactions of the American Microscipal Society, 53: 219 (1934). Lewis and 
Entwisle, Zygnemaceae: 113 (2007). 

5. Mougeotia nummularioides (Hassall) De Toni Sylloge Algarum, 1:713 (1889) 

Syn: Mesocarpus nummularioides Hassall, A History of British Freshwater Algae:l69 (1845) 

Type: Kent, England. BM?, n.v. 

Illustration: op. cit. Pi 45, fig. 1. 

Vegetative filaments narrow; cells 10—12(—16) pm diameter, L/D 3.5-7; end-wall lenticular; chloroplast ribbon- 
like, sometimes twisted, with 3-8 prominent pyrenoids; nucleus central but laterally disposed. 

Conjugation scalariform but irregular, conjugation external; donor and receptor cells indistinguishable, kinked 
inwards at off-centre conjugation point; conjugation tubes short, sloping towards spore, from both cells; Zygospore 
depressed globose to almost thickly discoid, shortly but broadly elliptical in face view, with a thick outer wall, 
irregularly scrobiculate, contents golden, 27-30 pm diam., 30-36 pm long, at least 15 pm thick. Fig. la, b. 
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Specimens examined: NEW SOUTH WALES: northern Tablelands: Quart Pot Ck, Howell, Skinner 0797, 
McPherson & Towler, 13 Oct 2004 (NSW). Southern Tablelands: Upper Snowy River, Entwisle 3010,17 Jan 
2000 (NSW). 

Notes: The scrobiculate zygospores place these collections in M. nummularioides rather than the otherwise 
similar M. parvula. 

6. Mougeotia lamellosa Jao, Sinensia, 6: 557(1935). Skinner, Telopea, 18: 276 (2015) 

7. Mougeotia disjuncta Transeau, Transactions of the American Microscipal Society 53: 222 (1934) 

Type: United States of America: Fort Myers, Florida, Tiffany 128, (Ohio?) n.v. 

Vegetative cells cylindrical, narrow, 12.5-14 pm diam., L/D 8-20; end-wall biconvex, flat across the middle third; 
chloroplast narrow ribbon, 2-8 pyrenoids, size variable, equal numbers on either side of middle thickening. 

Conjugation scalariform, more or less regular, gametangia as vegetative cells, empty. Conjugation tube at first a 
pair of shallow cups around zygote, then a halo of mucilage 10-12 pm thick. Zygospore globose to depressed 
globose, 25-30 pm diam., c. 23 pm thick, outer wall smooth, with an equatorial band, inner wall finely pitted, 
mesospore dirty yellow to yellow-black. Fig. li, j. 

Distribution: USA, China; a new record for Australia. 

Specimens examined: NORTHERN TERRITORY: Mitchell Creek, down-stream of Lambrick Avenue (DW23), 

Dostine, Metcalfe & Padovan A8,13 May 2002, Dostine, Metcalfe & Padovan A52,54,15 May 2003, and Dostine, 
Metcalfe & Padovan A184,185,187,27 Apr 2004 (NSW, NT) [pH 63-6.7; 72-451 pS-cnr1; 1.7-7.8 NTU]. 

Notes: the conjugation canal diffuses back to short raised rings outside the inner gametangial walls as described 
for M. disjuncta and associated taxa (M. japonica Yamagishi, M. gelatinosa Wittrock, and M. fujianensis Zheng 
8a Chen). The dimensions of these collections most closely fit M. disjuncta, although the vegetative cell width is 
narrow and the spore colour may be rather darker than described in Transeau et al. (1934), and Transeau (1951). 

8. Mougeotia oedogonioides Czurda, Beihefte zum Botanischen Zentralblatt, 48: 21, pl.l, fig. 3 (1931). 

Type: near Aksai-Chin Lake at 5100m, Tibet, n.v. 

Illustration: Czurda (1932): Fig. 65. 

Vegetative cells 16-18 pm diam., L/D 8-20, chloroplast axile, serrated laminate, pyrenoids 3-8, scattered, end- 
wall biconvex. 

Conjugation scalariform; conjugation tube ends with inner wall conical, outer wall as sheath; zygospore in 
gelatinous halo (c. 15 pm radius), globose to subglobose, 24-30 pm diam., mesospore thick, opaque. Fig.le, f. 

Distribution: new record for Australia; Tibet and Bangladesh. 

Specimens examined: WESTERN AUSTRALIA: Kumina Creek, Lyons s.n.,4 May 2005 [pH7.8-8.6; 491-658 
pS-cnr1; 0.4 NTU]; Innawally Pool, Jimblebar Creek, Mickle & Dunlop s.n., 24 Apr 2006 [pH 8.4—8.5; 230-289 
pS-cnr1; 11-25 NTU]; Panorama Spring, Mickle & Huang s.n., 22 May 2006 [pH 8.2-9.0; 1080-1420 pS-cnr1; 
0.9-4.6 NTU]. 

NEW SOUTH WALES: Northern Tablelands: Quart-Pot Creek, Howell, Skinner 797, McPherson & Towler, 
13 Oct 2004 (NSW). 

Notes: The Quart-Pot Creek material produced zygospores without wrinkling of the mesospore and the 
dimensions are closer to those for a variety described by Islam (1972). However without further material we 
have referred this collection to the type variety 

9. Mougeotia viscosa Jao & Hu, Ocean. Limn. Sinica, 10: 24, pi. 1. (1979) 

Type: Fuzhou, Fujian Province, China, n.v. 

Illustration: Jao (1988): Pi XV, fig 1. 

Vegetative cells 14-18 pm diam., L/D 4-7, plane end-walls; chloroplast with 2-5 (or 6) pyrenoids, often 
unequally distributed relative to the central nucleus. 

Conjugation scalariform; conjugation tube forms a spherical structure which later becomes a gel halo; zygospore 
depressed globose with equatorial ring parallel to the filament, exospore clear, smooth, mesospore wrinkled, 
yellow becoming translucent black, 25-27 pm diam., 23 pm long. Fig. lg, h. 

Distribution: China, reported here for Australia. 
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Specimen examined: NORTHERN TERRITORY: Mitchell Creek, downstream of Lambrick Avenue pumping 

station, Rosebury, Dostine, Metcalfe & Padovan A54,15 May 2003 [pH 6.3-6.7; 72-451 pS-cm1; 1.7-7.8 NTU] 

Notes: In Jao (1988) the zygospore sculpture is described as reticulate, rather than wrinkled, as described above, 
but otherwise the Australian material conforms closely to the protologue and subsequent descriptions by Jao. The 
dimensions of the Mitchell Creek collections overlap a little with M. disjuncta, but the spore is depressed globose, 
and dirty yellow-black, not chestnut brown as described in Transeau et al. (1934), and Transeau (1951). 

Section Plagiospermum (Cleve) Wittrock 

Zygospores formed in the receptor gametangium and the conjugation tube. 

10a. Mougeotia transeaui Collins, Tufts College Studies, Science Series 3: 77 (1912), typical form. 

M. tenuis (Cleve) Wittrock, Bihang Til Konglinga Svenska Vetenskaps-Akademien Handlingar 1: 39 (1872) 

M. abnormis Kisselev, Bulletin de la Section Ichthyologie applique Etudes scientifique-industriale (Universite) 
5: 301, P1.1, fig. 6 (1927) 

Basionym: Plagiospermum tenue Cleve, Forsok till en monografi ofver de Svenska arterna af Algfamilien 
Zygnemaceae Nova Acta reg Societe scientific Upsaliensis, 3 (6): 35 (1868) 

non M. tenuis Kiitzing, Species Algarum: 434 (1849) = M. scalaris Hassall, Annals and Magazine of Natural 
History 10: 45 (1842) 

Type:? Sweden. 

Vegetative cells 14-17 pm diam., 10 or more times longer than wide, strap chloroplast with up to 8 pyrenoids. 

Conjugation mostly scalariform; donor and receptor cell as vegetative cells, conjugation tube from both 
gametangia, up to 20 pm long. Zygospore formed in receptor cell and receptor half of conjugation tube, 
tricornuate, 28-30 pm across gametangial axis, 30-31 pm along conjugation tube axis, exospore clear, with 
concavities set obliquely to both halves of receptor gametangium and perpendicular to conjugation tube; 

mesospore shortly conical-ovoid, flat end towards conjugation tube, pale golden. Fig. Ik, m. 

Distribution: widespread; a new record for Australia. Lewis and Entwisle (2007) conclude that the collection 
of M. tenuis mentioned in the 1882 correspondence between von Mueller and Kiitzing refers to M. scalaris in 
the sense that Kiitzing used the name M. tenuis. 

Specimens examined: WESTERN AUSTRALIA: Macklin Creek system, 23.3 km W of the Robe River Railway 

crossing on the Pannawonica road. PG. Wilson s.n., 12 Jun 2006 (NSW); The Springs Creek, Gibson s.n., 15 
Sep 2004 [pH 8.3-8.6; 1168-1738 pS-cm'1; 0.5-4.5 NTU]; Nyeetbury Pool, Jimmawurrada Creek, Lyons & 
Mickle s.n., 14 May 2005 [pH 7.5-8.0; 824-905 pS-cnr1; 0.025-0.6 NTU];Kumina Creek,Lyons s.n., 4 May 2005 
[pH7.8-8.6; 491-658 pS-cnr1 ;0.4 NTU]; Innawally Pool, Jimblebar Creek, Mickle & Dunlop s.n., 24 Apr 2006 
[pH 8.4-8.5; 230-289 pS-cm1; 11-25 NTU]; Panorama Spring, Mickle & Huang s.n., 22 May 2006 [pH8.2-9.0; 
1080-1420 pS-cnr1; 0.9-4.6 NTU]; Jofie Creek, Karijini National Park, Lyons, Mickle & Casanova s.n., 18 Aug 
2006 [pH 6.8-7.6,313-955 pS-cm1; 0.025-0.8 NTU]. 

Notes: The diameter of the vegetative cells in our specimens is large for M. transeaui sensu Transeau (1951), 
Gauthier Lievre (1965) and Islam (1972), and there are frequently 10-14 pyrenoids present in the chloroplast. 
The Western Australian material matches more closely the illustrations in Islam (1972) for zygospore shape, 
and the range of form and dimensions described in Czurda (1932). 

There has been considerable disagreement in the literature as to the valid name for this taxon. Czurda (1932) 
used M. tenuis. Transeau in Transeau et al. (1934) noted that M. tenuis and M. transeaui were synonyms, 
and described three similar taxa, M. reinschii for forms with cell diameter 9-13 pm, M. floridiana for forms 
with cell diameter 14-20 pm, and M. poinciana, with cell diameter 21-25 pm. Kolkwitz and Kreiger (1941) 

using the name M. abnormis Kisselev, provided a detailed synonymy, and dismissed the Collins name and 
description as incomplete (Kolkwitz and Kreiger 1941, page 195) and included M. floridiana in M. abnormalis. 
Jao (1988) follows suit. Transeau (1951), Randawa (1959), Gauthier Lievre (1965) and Kadlubowska (1984) all 
use M. transeaui. As this is the Type for the Section Plagiospermum it is notable that there is no mention of 
nomenclatural difficulties with this species in Kadlubowska (1983). 

10b. Mougeotia transeaui, aplanosporic form. Transeau, Zygnemataceae : 104 (1951) 

M. tenuis, azygoten Czurda, Zygnemales: 81, fig. 66b, c (1932). 



Mougeotia (Zygnemaceae, Streptophyta) in Australia Telopea 18: 481-494, 2015 489 

Vegetative cells narrow, regular cylindrical, with diamond shaped lenticular end-walls, 10-12 pm diam., 
(75-)80-120(-130) pm long, chloroplast of two equal, slightly undulate, laminar axial plates, 4 pyrenoids 
(3-6 pm diam.) in each half. 

Reproduction by aplanospores (or parthenospores); most, but not all, contents of each cell in a filament 
individually aggregate in the central region, which becomes inflated and forms a capsule about 20 pm across and 
24-28 pm long; spore like an imploded barrel, exospore clear, mesospore golden-green to gold, 18-23(-27) pm 
long, 16-17 pm diam. Figure 1,1. 

Specimen examined: NEW SOUTH WALES: Central Coast: water-gardens beside the nursery, Royal 
Botanic Gardens, Sydney, Skinner 544, 18 Feb 2002 (NSW); Lake Nadungamba, Australian Botanic Gardens, 
Mount Annan,/. Lings.n., 22 Oct 2001 (NSW). 

Notes: The shape of the aplanospore resembles a cylindrical version of the tricornuate zygospores of 
M. transeaui, but also has similarities to the zygospores of M. boodlei (W.West & G.S.West) Collins and 
M. ventricosum (Wittrock) Collins. We have decided to include these collections in M. transeauii as they fit the 
description in Transeau (1951) and the illustrations in Czurda (1932). 

Kennedy and Hoshaw (1975) provide a detailed study into the life history of this interesting species, with 
reference to its anisogamy and the conditions that induce both sexual and asexual spore formation. 

11 .Mougeotia longiarticulata Islam,Nova Hedwigia 24: 656 (1972). 

Type: Bangladesh, shallow pond filled with aquatic grasses and paddy, Nayarhat, Dacca district, A.K.M.N. 
Islam 44,27 Dec 1964: Botany Department, University of Dacca. 

Illustration: op cit: Plate 6, figs 43-46,48. 

Vegetative cells cylindrical, 11-16 pm diam., 90-180 pm long, end-wall plane; chloroplast single, entire, strap¬ 
like, (6-) 10-14 pyrenoids (c. 9 pm diam., incl. starch halo) in a row. 

Conjugation regular scalariform, fragmentary after maturity. Conjugation tube cylindrical c. 15 pm diam., 

c. 30 pm long. Zygospore truncated triangular (trefoil) extending into conjugation tube 0.3-0.5 tube length, 
pale golden, 17-30 pm long, 23-30 pm diam. Fig ln-p. 

Distribution: in Australia, the Northern Territory; Bangladesh & China. 

Specimens examined: NORTHERN TERRITORY: Mitchell Creek, down-stream of Lambrick Ave, (DW23), 

Dostine, Metcalfe & Padovan s.n., 13 May 2002; Dostine, Metcalfe & Padvan A54, 15 May 2003 (NSW, NT) 
[pH 6.3-6. 7; 72-451 pS-cm1; 1.7-7.8 NTU]; Berry Creek, upstream of gauging station. (DW31), Dostine, 

Metcalfe & Padovan A77,23 May 2003 [pH 7.2; 238 pS-cm1; 3 NTU] (NSW, NT). 

Notes: The zygospores in the Australian material may be turgid or somewhat shrivelled probably indicating 
different levels of maturation at the time of fixing. The photomicrograph Islam (1972) Pi. 13, fig. 68 shows 
the distinctive spore of M. longiarticulata well. Material from Mitchell Creek and Berry Creek fits well with 
M. longiarticulata although not showing the pronounced donor conjugation tube as Islam (1972) described for 

his type variety, but nearer fa. brevis Islam described below it. Jao and Hu (1979) give the range of pyrenoids 
for Chinese material ofM. longiarticulata as 4-10, while some Northern Territory specimens showed as many 
as 14. The range in number of pyrenoids may be rather plastic in this taxon. 

This is probably the same taxon referred to M. poinciana Transeau by Ling and Tyler (1986), a determination 
rejected by Lewis and Entwisle (1998) on several grounds including the cellular and reproductive dimensions. 
The description in Transeau et al. (1934) for M. poinciana is illustrated with zygospores having six sides. The 
illustration of the Ling and Tyler indicates three sides to the zygospore, while the material is slightly larger in 
dimensions to other northern Australian collections, here referred to M. longiarticulata. 

Section Staurospermum (Hassall) Wittrock 

Zygospore formed in the conjugation tube and both gametangia. 

12. Mougeotia sphaerocarpa Wolle, Freshwater Algae of the United States, 221, Plate 146, figs 1 & 2 (1887) 

Mougeotia sestertisignifera S.Skinner (1983) Transactions of the Royal Society of South Australia, 107: 225, 
Figure 2A-C. 

Type: not specified. 

Vegetative cells, 18-20(-26) pm diam., L/D 6-10 or more, end-walls biconvex; chloroplast broad, strap-like, 
with 4-10 pyrenoids, scattered, and a distinct median notch for the nucleus. 
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Conjugation scalariform; conjugation tube persistent, inflated, mature zygospore including all arms of the 
gametangia, with spherical to depressed globose mesospore filling the conjugation tube and reaching the outer 
lateral walls of the gametangia. Walls of gametangia thickened, contents replaced with dark, fibrous material; 
mesospore smooth, pearly, 45-49 pm diam. Fig 2a. 

Distribution: South America, central Asia and Australia. 

Specimens examined: WESTERN AUSTRALIA: Palm Spring, on the line of Cave Creek, Lyons, Mickle & 
Casanova s.n., 21 Aug 2006 [pH 7.9-8.4; 3270-3380 pS-cm'1; 0.2-1.4NTU]; creek pool near Mt Amy, Gibson & 
Mickle s.n., 16 Sep 2004 [pH 8.0-8.4; 4140-6010 pS-cnr1; 1.0-1.6 NTU]; Erawallana Spring, Gibson & Mickle, 
30 Sept 2004; The Springs Creek, Gibson s.n., 15 Sep 2004 [pH 8.3-8.6; 1168-1738 pS-cm'1; 0.5-4.5 NTU]; 
Panorama Spring, Mickle & Huang s.n., 22 May 2006 [pH 8.2-9.0; 1080-1420 pS-cnr1; 0.9-4.6 NTU]. SOUTH 
AUSTRALIA: Ibis Rookery, Bool Lagoon, Roberts & Preece s.n., 5 Nov 1982 (AD). NEW SOUTH WALES: 

South West Slopes: Lake Wyangan, W of Griffith, Skinner 361, Arnold & Towler, 23 Sep 2001 (NSW). 

The vegetative cell dimensions in Australian material cover broader forms of M. drouetii as well as M. 
sphaerocarpa. Wolle (1887) does not mention fibrous inclusions in the gametangia. Randhawa (1959, Lig. 
21c) illustrates some inclusions in the arms of the gametangia for M. sphaerocarpa. Jao (1988) describes and 
illustrates M. sphaerocarpa with fibrous material retained in the gametangia, and his taxon has dimensions 
similar to our collections. 

13. Mougeotia drouetii Transeau, American Journal of Botany, 25: 524, Lig. 1. (1938) 

Type: pond near Porangaba, Caera, Lortaleza, Brazil, F. Drouet 1463,14 Oct 1935 (US) 

13a Mougeotai drouetii var. djelkiensis S.Skinner and Entwisle, var. nov. 

Mougeotia drouetii variatas drouetii similis sed angustiorae cellulae diametri 12-15 pm mesosporaeque vardosae 
scrobiculatae. 

Type: Damdam Billabong, Djelk Indigenous Protected Area North-Central Arnhem Land, G.M. Towler 600, 
7 Oct 2009 (NSW). 

Vegetative filaments narrow; cells 12-13.5(—15) pm diam., L/D 5-10, end-wall biconvex; chloroplast ribbon- 
like, with 4 pyrenoids in a row; nucleus central but laterally disposed. 

Conjugation scalariform in groups of less than 10; conjugation tube persistent, mature zygospore includes 
all four arms of the gametangia. Contents of the arms replaced by tan coloured fibrous material; mesospore 

spherical to depressed globose, finely covered with shallow, small scrobiculate, 28-29 pm x 23-27 pm diam., 
c. 32 pm thick. Lig. 2b. 

Distribution: Northern Territory, known only from the Type locality. 

Etymology: djelkiensis from Djelk Indigenous Protected Area, as a compliment to the local people who asked 
for the algal vegetation of the area to be collected and identified. 

Specimen examined: only known from the Type collection. 

Notes: This taxon differs from both M. sphaerocarpa (vegetative cells 17-28 pm diam.) and M. drouetii Transeau 
(vegetative cells 15-18 pm diam.) in vegetative cell diameter and also in having a finely dimpled mesospore. 
Like M. drouetii it has thickened gametangial arms so we have described it as a new variety of that species. 

There are several taxa described from various parts of the planet in the M. sphaerocarpa group, as was noted by 
Transeau (1938) in his protologue for M. drouetii. Given the general similarity in vegetative characters, both M. 
drouetii and M. drouetii var. djelkiensis may form a species complex around M. spherocarpa. The scrobiculate 
sculpturing of M. drouetii var. djelkiensis is quite distinctive, but it obviously sits in this complex, next to 
the nominate variety. Mougeotia sestertisignifera is clearly based on immature material and so is relegated to 
synonomy with M. sphaerocarpa. 

14. Mougeotia quadrangulata Hassall, Annals and Magazine of Natural History, 12: 434 (1843). Lewis and 
Entwisle Zygnemaceae: 114, fig. 33A (2007). 
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15. Mougeotia trapaeziformis Iyengar, Phykos, 2: 57 (1963) 

Type: Quarry pool, Bangalore, Mysore State, India (Iyengar collection) n.v. 

Illustration: op. cit., Fig. 137. 

Vegetative cells narrow, 4.5-5.5 pm diam., L/D > 10 (41-68 pm long); chloroplast strap-like, 2-4 pyrenoids. 

Conjugation scalariform; conjugation in tube and immediate gametangia. Exospore clear to pearly, ovoid to 
buxiform, with four short projections into gametangia, transverse axis 26—29(—31) pm diam., by 24-26 pm 
long, by c. 21 pm thick; mesospore smooth, layered, ovoid (ellipsoid in side view) with rounded projections 
into exospore arms, outer layer brown, inner layers yellow. Fig. 2i-k. 

Distribution: India, newly reported from Australia. 

Specimen examined: NEW SOUTH WALES: Central Coast: head of Strangers Creek, Bella Vista Waters 
(Baulkham Hills), W.S. Rooney s.n., 2 Jul 2004 (NSW). 

Notes: Although the zygote in this species is encased in a pectin exospore, the gametangial arms are hollow 
with occasional residues, characteristic of Mougeotia rather than Debarya. 

Although the vegetative material fits published descriptions of M. trapaeziformis; zygospores produced in 
material from New South Wales are large, but similar in form to those described by Iyengar (1963). They are 
also larger than described for the similar species M. corniculata Hansgirg in Kolkwitz and Kreiger (1941). 

16. Mougeotia viridis (Kiitz.) Wittrock, Bihqng til Konglinga Svensk Vetenskaps-Akademiens Handlinger 1: 39 
(1872) 

Staurospermum viride Kiitzing, Phycologia Generalis: 278 (1845) 

Type: not specified? 

Vegetative cells very narrow cylindrical, 6-9 pm diam., L/D 8-11, endwall plane; chloroplast strap-like, 3-6 
pyrenoids either side of central pinch for nucleus. 

Conjugation irregular scalariform; gametangia similar to vegetative cells, separated into four short empty 
chambers as conjugation tube forms a rectangular biconvex chamber between filaments. Zygospore quadrate 
in face view, more or less lozenge shaped in side view, 20-29 pm long, 18-24 pm diam., 18-23 pm thick, 
exospore smooth, clear, sometimes slightly horned; mesospore brown, often with two- to three-cornered 
concave projections. Fig. 2g, h. 

Distribution: in Australia, Northern Territory, Victoria and New South Wales; Europe, Asia, North Africa and 
North America commonly in moorland. 

Specimens examined: NORTHERN TERRITORY: Douglas River, upstream of Douglas Hot Springs, Padovan 
& Metcalfe A123,20 Aug 2003 [pH 6.7; 30 pS-cm1; 3.7 NTU] (NSW). 

NEW SOUTH WALES: Northern Tablelands: Bakers Creek, near Bundarra, Skinner 790, McPherson & 
Towler, 13 Oct 2004 (NSW). 

Notes: Although Mougeotia viridis has been reported previously from Victoria (West 1909) and New South 
Wales (May 1972, Noble and Happy-Wood 1987) no voucher material was located at MEL or NSW. According 
to Czurda (1932), Mougeotia virescens (Hassall) Borge differs from this species in having rounded horns on the 
mesospore and slightly broader vegetative cells (8-9 pm). We can find no report of the number of pyrenoids 
for M. virescens, but M. viridis has 4(-8) pyrenoids. The Bakers Creek material shows 10-12 pyrenoids per 
chloroplast, and cell widths of 7-9 pm. 

17 .Mougeotia tumidula Transeau, American Journal of Botany 1: 297 (1914) 

Type: Embarras River, Wheeler, Illinois, USA, Sep 1911; ENT No. 744. 

Illustration: op. cit. Pi. XXVIII, fig. 4. 

17a. Mougeotia tumidula var. palmerstoniana S.Skinner and Entwisle, var. nov. 

Type: Northern Territory: Mitchell Creek, Dostine, Metcalfe & Padovan A187, 27 Apr 2004 (holotype: NSW, 
isotype: NT). 

Ad Mougeotia tumidula var. tumidula similis sed cellulis 11-14 pm diametricis multis cum pyrenoidibus atque 
tota in cubiculum zygospora mesosporaque corrugata. 
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Vegetative cells cylindrical, L/D +10, 11-14 pm diam., chloroplast strap-like, irregular double row of 14-20 
variable pyrenoids (3-7 pm diam.); rhizoidal cell with curved end and short processes. 

Conjugation scalariform, twisted; gametangia similar to vegetative cells, separated into four chambers by 
zygote. Conjugation tube forming a slightly opaque box around zygote, extending into both gametangia, 23-25 
pm diam., c. 27-30 pm long. Zygospore rectangular cuboid, mesospore, and sometimes exospore corrigated, 
often with pointed corners, mesospore pale yellow to golden, 20-23 pm diam., 27 pm long, c. 7-8 pm thick, 
released at maturity. Fig. 2d-f. 

Distribution: Australia, the Northern Territory. 

Etymology: Mitchell Creek is a prominent waterway in the district of Palmerston in Darwin, capital of the 
Northern Territory. 

Specimen examined: NORTHERN TERRITORY: Mitchell Creek, downstream of Lambrick Avenue (DW23), 

Dostine, Metcalfe & Padovan AS , 13 May 2002, Dostine, Metcalfe & Padovan A52, 55, 15 May 2003, Dostine, 
Metcalfe & Padovan A184,185,187,27 Apr 2004 [pH 6.3-6.7; 72-451 pS-cm1; 1.7-7.8 NTU] (NSW, NT). 

Notes: The mesospore in these specimens is coloured but often faintly so. However, Transeau (1951) notes 
M. tumidula and M. punctata mesospore walls are colourless and Jao (1988) describes his M. subpunctata 
as having a colourless mesospore wall. While similar in form to both M. punctata Wittrock sensu Kolkwitz 
and Krieger (1941) and M. tumidula, the vegetative cells are wider and contain chloroplasts with many more 
pyrenoids than described for either of those taxa. There are no distinct punctae on the mesospore, and the 
conjugation tube forms a distinct capsule round both the mesospore and the exospore. 

Kadlubowska (1984) separates M. tumidula from M. punctata by its distinct punctae on the mesospore, while 
M. punctata has small scrobiculae, referring to Krieger’s illustration from Kolkwitz and Krieger (1941). It 

may well be that Kolkwitz and Krieger (1941) are correct in making these two taxa conspecific, but it would 
require examination of Type material. Note also the distinction made by Jao (1947) between these two taxa 
and M. subpunctata Jao, where the Chinese taxon was smaller in general than either of the others, and the 
zygospore was concave, rather than tumid to convex. 

Table 2. Some taxa in the Mugeotia punctata complex. 

Name Diameter of vegetative cells (pm) Zygospore description 

M. punctata 8-12 Small dimples; bifid horns 

M. tumidula 6-9 Large spots; bifid horns 

M. producta G.S.West 7-8 Finely spotted but smooth; short flat 

topped horns 

M. subpunctata 5-6.5 Minutely punctate; bifid horns 

Mougeotia tumidula var. paimerstoniana appears, without molecular biological and genetic examination, 
to be a distinct entity within the M. tumidula-M. punctata-M. producta group. In the Floras there is much 
disagreement as to the actual limits of these three taxa, and their various subspecific forms. 

18. Mougeotia capucina (Bory) C. Agardh, Systerna Algarum: 84 (1824) 

Basionym: Leda capucina Bory, in Mougeot and Nestler, Stirpes cryptogamae vogeso-rhenanae. No. 793 (1824) 

Type: France, PC., exsiccata widely distributed, n.v. 

Vegetative cells L/D 5-10,18-23 pm diam.; end-walls plane; chloroplast ribbon with 6-8 pyrenoids in a row. 

Conjugation scalariform, involving one or two pairs of cells, not long ladders. Zygospore squatly cruciate or 
irregular cuboid, with terminal concavities on some arms, 50-68 x 89-93 pm; exospore clear, mesospore 
irregularly undulate, rose-pink. Fig. 2c. 

Distribution: Europe, the Americas and Africa as well as some Pacific islands, in Australia only reported from 
New South Wales (Lucas in Maiden 1915). 

Specimens examined: NEW SOUTH WALES: Central Coast: Creek, Woronora River, Heathcote, A.A. 
Hamilton s.n., 4 Oct 1915 (NSW); Creek, Heathcote, running water, attached at base, A.H.S. Lucas s.n., 9 Oct 
1915 (NSW). 
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Notes: The Australian collections are relatively well preserved, and although chloroplast morphology is lost 
and many cells are split lengthwise, the spores are squatly cruciate, making Lucas’ determination reasonable 
when compared with M. capucina in Kadlubowska (1984). Lewis and Entwisle (1998) failed to find spores in 
the material they examined. 

Discussion 

Repeated surveys of the same waterways across a number of years in the Pilbara (Western Australia) and 
the cTop End’ (Northern Territory) have provided ten of the 13 new records. Not only have these taxa been 
located in a fertile state, but almost all of them have been found at more than one location and in successive 
seasons. It is to be hoped that similar surveying will occur throughout the continent in coming years. As the 
occasional tentative assignment indicates, there are likely to be more representatives of Mougeotia in Australia 
even within the collections already to hand. With further collecting, perhaps inspired by this paper as we and 
others were by Lewis and Entwisle (2007), there are almost certainly undiscovered taxa to find. A molecular 
study of the Australian silkweeds’ (Mougeotia and its relatives in the family Zygnemaceae) would most likely 
reveal more taxa but also perhaps demonstrate some synonymy among those here delineated. 

As a parting remark, fate can be kind. The badly muddled description in Skinner (1978) of a single Mougeotia 
species from Quart-Pot Creek, Howell in New South Wales, can now be corrected. Material from the same 
locality, collected as part of the Border Rivers survey in 2004, demonstrate there are two taxa in that pristine 
creek (Mougeotia nummularioides and M. oedogonioides), each fitting part of the muddled description. 
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Abstract 

Species of Mitrasacme occurring in Australia were revised for the Flora of Australia project in 1996, but the genus 
has never been revised as a whole. A checklist of the names of Mitrasacme species that occur outside Australia 
is presented here, together with their taxonomic status, known distribution and notes on their morphological 
affinities. Mitrasacme inornata Dunlop is formally placed into synonymy under M. albomarginata Leenh., 
and M. erophila subsp. grandiflora J.Parn. & O.Griffin is formally placed into synonymy under M. nidulifera 
Dunlop. Lectotypes are designated for M. elata R.Br., M. pusilla Dalzell and M. setosa Hance. Neotypes are 
designated for M. crystallina Griff and M. indica Wight. The status of Mitrasacme saxatilis Backer ex Cammed, 
is uncertain; it is doubtful this species should be placed in Mitrasacme. 

Introduction 

Mitrasacme Labill. (Loganieae, Loganiaceae) is most species-rich in Australia, but has a geographic range 
that extends north through Malesia to Asia and east to New Caledonia. Of the approximately 55 species 
currently recognised in Mitrasacme, 50 species occur in Australia (c. 43 endemic) (Dunlop 1996, Barrett and 
Barrett 2015, Gibson and Leeuwen 2015), with at least four putative new Australian species awaiting formal 
recognition. Dunlop (1996) provided the first revision of Australian species of Mitrasacme since Bentham and 
Mueller (1869), but did not review species not occurring in Australia. Asian and Malesian species have been 

revised in various regional floras (Leenhouts 1962b [Malesia], Backer and Bakhuizen van den Brink 1965 
[Jawa, Indonesia], Tirel-Roudet 1972 [Cambodia, Laos, Vietnam], Conn 1995 [Papua New Guinea], Li and 
Leeuwenberg 1996 [China], Griffin and Parnell 1997 [Thailand]), but Mitrasacme has never been revised as a 
whole, and the account by Dunlop (1996) remains the most comprehensive treatment. 

Of those species of Mitrasacme occurring in Australia, three species, M. erophila Leenh., M. indica Wight 
and M. pygmaea R.Br., are also widespread in Malesia and Asia, with M. pygmaea also occurring in New 
Caledonia. Mitrasacme albomarginata Leenh., M. elata R. Br. and M. nudicaulis Reinw. ex Blume are recorded 
from Australia and New Guinea, with M. elata also found on Kepulauan Aru (Aru Islands, Indonesia), and 
M. nudicaulis also from Nusa Tenggara, Indonesia (Lesser Sunda Islands) and Timor Leste. The remaining 
non-endemic Australian species also occur in Southeast Asia, with species of Mitrasacme not recorded in 
Australia occurring in Southeast Asia and New Guinea. It is uncertain whether the geographic ranges of 
two Australian species, M. retroloba Dunlop and M. prolifera R.Br. (Dunlop 1996), extend outside Australia. 

© 2015 Royal Botanic Gardens and Domain Trust 
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They are not dealt with separately here, but see notes on AL erophila for information on M. retroloba, and 
notes on M indica for information on M. prolifera. Additionally, the full geographic range of M. micrantha 
Domin outside Australia is not known (see notes under that species). Mitrasacme was previously regarded as 
occurring in New Zealand, but all taxa have now been transferred to Schizacme Dunlop (Gibbons et al. 2014) 
or to Veronica L. (Plantaginaceae) (Kirk 1896, Garnock-Jones et al. 2007). 

Here, we present a checklist of the currently accepted species names of Mitrasacme occurring outside Australia, 
together with their known distribution and notes on their morphological affinities. Two new synonymies are 
presented and the status of previously published synonymies for all accepted names in Mitrasacme has been 
confirmed from photographic images of type material and/or descriptions given in the protologue, except in 
the few instances where descriptions and available images were insufficient to place the taxon. 

Nomenclature 

Currently accepted species of Mitrasacme occurring outside Australia 

1. Mitrasacme albomarginata Leenh., Bulletin du Jardin botanique de VEtat a Bruxelles 32: 442 (1962). 
Leenhouts PW, in CGGJ van Steenis (ed.), Flora Malesiana ser. 1, 6(2): 385, Fig. 45 (1962). Conn BJ, in 
Handbooks of the flora of Papua New Guinea 3:169 (1995). 

Type: Indonesia: Papua: Digul: Koerikbivouac near Merauke, 7 Sep 1954, van Royen 4847 (holo: L,photograph!). 

Mitrasacme inornata Dunlop, Flora of Australia 28: 312 (1996), syn. nov. 

Type: Australia: Northern Territory: Melville Island, 8 km W of Pularumpi, 11 Oct 1995, Barritt 1950 (holo: 
DNA!; iso: MEL, photograph!). 

Distribution: The holotype of Mitrasacme albomarginata is the only extra-Australian collection of this 
species. In Australia M. albomarginata is known (as M. inornata) from few collections; in Queensland from 
near Weipa, Cape York Peninsula, and in the Northern Territory from Arnhem land, Groote Eylandt (Gulf 
of Carpentaria), the Tiwi Islands, Coburg Peninsula and near Darwin (AVH 2015). The Indonesian Papua 
collection is not geographically distant from Australian collections, with this near-coastal species encircling 
the Gulf of Carpentaria. 

Notes: Dunlop’s (1996) description of M. inornata makes no mention of the white margins of the leaves and 
calyx lobes described by Leenhouts (1962b), but in Australian material the leaf margin appears to be thickened 
to slightly hyaline. Dunlop (1996) gives the pedicel length in Australian material as up to 17 mm long, compared 
with 5-10 mm long given in the protologue of M. albomarginata (Leenhouts 1962b). The two descriptions are 
otherwise in agreement. Our examination of images of the holotype of M. albomarginata indicates pedicels 
are up to 15.5 mm long. The phylogenetic affinities of M. albomarginata are with the Australian endemic 
species M. alsinoides R.Br. and M. secedens Dunlop (Gibbons et al. in prep), with morphology also resembling 
M. indica and M. bogoriensis Leenh. 

2. Mitrasacme bogoriensis Leenh., Bulletin du Jardin botanique de VEtat a Bruxelles 32: 444 (1962). Leenhouts 
PW, in CGGJ van Steenis (ed.), Flora Malesiana ser. 1,6(2): 386, Pig. 47 (1962). Backer CA and RC Bakhuizen 

van den Brink Jr, Flora of Java 2: 209 (1965). 

Type: Indonesia: Jawa: Jawa Barat: Batavia Residency, along the river Tji Handjawr [Cihanjawar River], E of 
Bogor, 29 Dec 1912, Backer 6218 (holo: BO n.v.; iso: L, photograph!). 

Distribution: Mitrasacme bogoriensis was described from three collections near Bogor (Leenhouts 1962b). 
The current conservation status and geographic distribution of this species are uncertain. 

Notes: The minutely reticulate seed testa, campanulate calyx, and frondose botryoidal inflorescences of 
M. bogoriensis are similar to M. alsinoides and M. indica, but further study is required to definitively determine 
the affinities of this species. 

3. Mitrasacme elata R.Br., Prodromus florae Novae Hollandiae 453 (1810). Leenhouts PW, in CGGJ van Steenis 
(ed.), Flora Malesiana ser. 1,6(2): 380, Pig. 39 (1962). Conn BJ, in Handbooks of the flora of Papua New Guinea 
3: 170, Pig. 38 (1995). Dunlop, Flora of Australia 28:45 (1996). 

Mitrasacme elata R.Br. var elata 

Leenhouts PW, Bulletin du Jardin botanique de VEtat a Bruxelles 32: 446 (1962). 
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Lectotype (here designated): Australia: Northern Territory: Gulf of Carpentaria: North Island, Sir Edward 
Pellew Group, 20 Dec 1802, R. Brown s.n. (BM1040457, photograph!); isolectotype: (BM001040458, 

photograph!). Possible syntypes: Australia:‘North Coast’, without date,R. Brown s.n. (MEL68565, K000883356, 
photographs!); Australia: unknown location, without date, R. Brown s.n. (K000883355, photograph!); Australia: 
‘Carpentaria, 1803, R. Brown s.n. (P639994, photograph!). 

Distribution: Mitrasacme elata is found in Australia (Northern Territory), Indonesia [Kepulauan Aru (Aru 
Islands)], and Papua New Guinea (Leenhouts 1962a, Dunlop 1996). 

Notes: The specimen chosen as lectotype is annotated in Brown’s hand with ‘Exacum junceum Carpentaria 
Island h, No.9, Decr 20 desc [description] -21 1802’ with a later Brown label Mitrasacme elata prodr 453 desc 
s. r Decr 1802’. This appears to be the specimen on which the description was based. Island h refers to North 
Island, Sir Edward Pellew Group (Stearn 1960). The isolectotype is material mounted on a blue sheet for public 
display at BM. Although Stearn (1960) suggests such material is suitable for lectotypification it does not, in this 
case, represent better material than the specimen chosen. Other Brown specimens listed as possible syntypes 
are from another location ‘North Coast’ or a later date ‘1803’. 

For Mitrasacme elata var. brevicalyx Leenh., see M. nudicaulis Reinw. ex Blume. 

4. Mitrasacme erophila Leenh., Bulletin du Jardin botanique de I’Etat a Bruxelles 32: 446; Fig. 72 (1962). 
Leenhouts PW, in CGGJ van Steenis (ed.), Flora Malesiana ser. 1, 6(6): 960 (1972). Tirel-Roudet C, in A 
Aubreville and J-F Leroy, Flore du Cambodge, Laos, Vietnam 13: 80; pi. 14 (1972). Griffin O and Parnell J, in 
Flora of Thailand 6(3): 223 (1997). 

Type: India: Meghalaya: Mt. Khasia, 400ft, without date, J.D.Hooker & Thomson, s.n. (holo: L5156, photograph!; 
iso: BM1014339, L5157, P63986-P63989, photographs!). 

Distribution: Widely distributed in India, Cambodia, Vietnam, Thailand (Griffin and Parnell 1997), Indonesia 
(Jawa, Nusa Tenggara), Timor Leste (Leenhouts 1962b) and possibly Australia (as M. retroloba in Dunlop 
1996, see Notes). 

Notes: It is likely the name M. erophila is applicable to at least some Australian material currently recognised 
under M. retroloba Dunlop. A recent molecular study (Gibbons et al. in prep) indicates that Australian material 
attributed to M. retroloba might be better recognised as more than one species, but further study is required to 
determine the taxonomic limits of both species. Dunlop (1996) noted that the geographic range of M. retroloba 
extends to Southeast Asia, but the geographic range of the two species, and possible misapplication of names, 
requires clarification. Available images of type material of M. erophila seen by us do not carry Dunlop’s 
annotations. 

5. Mitrasacme indica Wight, leones plantarum Indiae Orientalis 4(4): 15, t. 1601 (1850). Leenhouts PW, 
Bulletin du Jardin botanique de VFtat a Bruxelles 32: 449 (1962). Leenhouts PW, in CGGJ van Steenis (ed.), 
Flora Malesiana ser. 1,6(2): 384 (1962). Tirel-Roudet C, in A Aubreville and J-F Leroy, Flore du Cambodge, Laos, 
Vietnam 13: 82 (1972). Li P-t and Leeuwenberg AMJ, in Flora of China 15: 322 (1996). 

Mitrasacme alsinoides auct. non R.Br., Clarke CB, in Hooker JD, Flora of British India 4: 80 (1883); Dop P, Flore 
generale de Undo-chine 4:157 (1912). 

Mitrasacme alsinoides R.Br. var. indica (Wight) H.Hara, Journal of Japanese Botany 30: 24 (1955). 

Mitrasacme prolifera sensu Dunlop CR, Flora of Australia 28: 50 (1996), possibly non R.Br. Prodromus florae 
Novae Hollandiae 453 (1810). 

Type citation: “The exact station whence the specimen represented was obtained is uncertain, but I have 

specimens from various localities, Jaulnah, Arcot, Caimbatore, &c.” 

Neotype (here designated): India: Arcot: in moist shady places, Jan 1826, unknown collector, [Herb. Wight s.n.] 

K001132432; possible isoneotype: India: Arcot, without date, unknown collector s.n. (E179283, photograph!); 
possible syntypes: India, without date, unknown collector [Herb. R. Wight s.n.], (K000450679; photograph!); 
India, Negapitam [Negapetum, now Nagapattinam], 23 Feb 1829, Wight s.n. (E179284, photograph!); India, 

Negapitam, without date, Wight s.n. (E179285, photograph!). 

Note: Leenhouts (1962b) and Tirel-Roudet (1972) both cite syntypes of M. indica they have seen at Kew, with 
Leenhouts adding that he did not designate a lectotype. Since it is not possible to identify the specimen that 
was used to circumscribe this species, the Kew collection from Arcot has been chosen as a neotype because the 
author examined plants from this region of India (refer protologue). 



498 Telopea 18: 495-502, 2015 Gibbons, Conn and Hen wood 

Mitrasacme crystallina Griff. Notulae ad plantas asiaticas 6(4): 87 (1854). Illustration: leones plantarum 
asiaticarum t. 383, Fig. 2 (1854). 

Type: India: West Bengal: ‘Bengala Paulo infra Jumalpore [Jamalpore]: in arenosis’, 15 Sep 1835, presumably 
herb. W. Griffith. (K, n.v). 

Neotype (here designated): India: Assam: Banks of the [illegible, Bopartus?], close to the waters edge, 27 Sep 
1835, herb. W. Griffith 3733, K000883396, lower right, photograph!). 

Note: Since the collection from near Jamalpore, cited in the protologue, has not been located, the herb. W. Griffiths 
3733 is here designated as neotype because it is part of the Griffith’s herbarium and the morphological features 
of these specimens agree with the protologue. 

Mitrasacme pusilla Dalzell, Hookers Journal of Botany and Kew Garden Miscellany 2:136 (1850). 

Type citation: ‘Crescit in prov. Malwan;/! Aug. et Sept.’ 

Lectotype (here designated): unknown location, without date, Dalzell (K000883391, photograph! - upper 
four specimens of sheet). Possible syntypes: India: Bombay, without date, Dalzell (K000883394, photograph!); 
unknown location, without date, unknown collector, (K000883392, photograph!). 

Note: The above specimen is chosen as lectotype because it is labelled by Dalzell as Mitrasacme pusilla n. sp.’. 

Oldenlandia brachyphylla Merr., Flora of Manila 448 (1912). Merrill ED, An enumeration of Philippine flowering 
plants 3: 311 (1923). Leenhouts PW, in van Steenis CGGJ (ed.) Flora Malesiana ser. 1, 6(2): 384 (1962). Tirel- 
Roudet C, in Aubreville A and Leroy J-F, Flore du Cambodge, Laos, Vietnam 13: 82 (1972). 

Type citation: Tn old rice paddies and open wet grass lands, Caloocan to Masambong, fl. Oct.-Jan.; known 

only from the vicinity of Manila.’ 

Probable Type: Philippines: Vicinity of Manila, Luzon, Nov 1910, Merrill 705 (FR, M, U, US, photographs!) 

Distribution: Mitrasacme indica is widespread in India, China and Southeast Asia, with one record as far 
north as Khasansky District, Primorsky Krai, Russia (Leenhouts 1962a, Kozhevnikov and Kozhevnikova 2000); 
possibly also in northern Australia (see notes below). Further study is needed to determine whether collections 
from Papua New Guinea are attributable to M. indica or to M.prolifera R.Br. (see notes). Mitrasacme indica is a 
known weed of rice paddies (Biological diversity clearing house mechanism 2015), and so its wide geographic 
distribution might be explained, in part, by anthropogenic spread. 

Notes: Dunlop (1996) placed M. indica in synonymy with M.prolifera R.Br. However, the name M. indica is 
widely accepted outside Australia. Dunlop’s (1996) description of M.prolifera, and material at DNA determined 
by him as M. prolifera, appear to agree with Wight’s description and illustration of M. indica, as well as with 
photographic images of the types. Brown’s name has priority, although it is not certain whether Dunlop 

correctly applied the name, M. prolifera R.Br. At Kew there are two Brown type collections of M. prolifera: 
Australia: Queensland, Shoalwater Bay, 30 Aug 1802, R. Brown, s.n. (BM802677; upper right collection on 
sheet only, photograph!) and BM802679 (photograph!), the duplicate specimen mounted on a blue sheet for 
public display by Brown. The former sheet also carries a Banks and Solander collection from Endeavor River, 

Queensland, designated by Bentham (1869) as the type of M. prolifera var. major Benth. Dunlop (1996) notes 
this collection could not be located, and so it appears Dunlop did not see this sheet, although he might have 
seen the duplicate (BM802679). 

Brown’s (1810, p. 453) description notes “corolla tubo globoso limbum superante”, suggestive of the strongly 
urceolate corolla of the morphologically similar Australian species, M. nummularia S.Moore. The corolla of 
Australian material determined by Dunlop to be M.prolifera is campanulate. Dunlop (1996) gives the southern 
limit of M. nummularia in Queensland as Cairns. However, M. nummularia (as currently applied in Australia) 
is also known from the type locality of M. prolifera, Shoalwater Bay, Queensland. Mitrasacme nummularia is a 
morphologically variable taxon which recent molecular work (Gibbons et al. in prep) suggests might be better 
recognised as multiple species. Further morphological, and perhaps molecular, study is needed to resolve the 
complex. Our initial observations suggest that the name M. prolifera might be attributable to material within 
the M. nummularia complex collected by us in Cape York Peninsula. 

Further examination of type material of M. prolifera is necessary, with seed testa and stem ornamentation 

useful characters that are not mentioned in Brown’s (1810) description and that cannot be seen from images. 
Until the question is resolved, we continue to accept the name M. indica. 
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6. Mitrasacme micrantha Domin, Beitrage zur flora und pflanzengeographie Australiens. Biblioteca 
Botanica 89: 1071 (1928). Leenhouts PW, in CGGJ van Steenis (ed.). Flora Malesiana ser. 1, 6(2): 383 (1962). 
Dunlop CR, Flora of Australia 28: 52 (1996). 

Type: Australia: Queensland: Cook: Chillagoe, Feb 1910, K. Domin s.n. (holo: PR, n.v.). 

Distribution: In Australia, M. micrantha occurs predominantly in the Northern Territory and Queensland 
(Dunlop 1996); a recent collection (R.L. Barrett 8082, M.D. Barrett & B. Anderson, PERTH) extends the known 
geographic range in Australia to the Kimberley region, Western Australia. Also known from the Philippines, 
and likely more widespread in Malesia (see notes). 

Notes: Leenhouts (1962a) placed M. micrantha in synonymy with M. pygmaea var. malaccensis (Wight) Hara, 
but Dunlop (1996) maintains M. micrantha as a distinct species. A recent molecular phylogeny (Gibbons 
et al. in prep) supports Dunlops conclusions. Although Dunlop (1996) does not list the extra-Australian 
distribution of this species, two collections from the Philippines are held in Australian herbaria and have been 
determined by Dunlop and confirmed by us as M. micrantha. It is likely M. micrantha is more widespread in 
Malesia, currently included in M. pygmaea var. malaccensis sensu Leenhouts (1962a), but the full distribution 
is not known. 

Extra-Australian material examined: Philippines: Lamao River, Mount Mariveles, Oct 1903, E.D.Merrill 
3093 (NSW); Philippines, Oct 1913, M.Ramos 1412 (NSW). 

7. Mitrasacme neglecta Leenh., Bulletin du Jardin botanique de I’Etat a Bruxelles 32:449 (1962). Leenhouts PW, 
in CGGJ van Steenis (ed.). Flora Malesiana ser. 1, 6(2): 386, Pig. 46 (1962). Conn BJ, in Handbooks of the flora 
of Papua New Guinea 3:172 (1995). 

Type: Timor, without date, unknown collector (holo: L5158, photograph!). 

Distribution: This species is recorded from Indonesia (Jawa, Madura, Nusa Tenggara, Sulawesi), Timor Leste 
and Papua New Guinea (Leenhouts 1962b). 

Notes: The affinities of M. neglecta are with the Australian species M. nummularia (syn. M. commutata Leenh.) 
(Leenhouts 1962b). Dunlop (1996) notes that M. neglecta has been misapplied to M. nummularia in Australia. 

8. Mitrasacme nidulifera Dunlop, Flora of Australia 28: 310 (1996). 

Type: Australia: Northern Territory; Darwin and Gulf: Mount Boulder, 24 Peb 1989, Dunlop 7988 & Leach 
(holo: DNA!; iso: BRI, CANB, MEL, PERTH). 

Mitrasacme erophila subsp.grandiflora J.Parn. & O.Griffin Novon 5:59 (1995), syn. nov. Griffin O and Parnell J, 
in Flora of Thailand 6(3): 224 (1997). 

Type: Thailand: Chang Mai, Omkoi, c. 35 km from pine improvement centre to Omkoi, 28 Dec 1978, 
Niyomdham, Suangtho & Sangkhachand 168 (holo: L, photograph!; iso: AAU). 

Distribution: In Thailand known only from the type collection for M. erophila subsp. grandiflora; also in 
northern Australia (Dunlop 1996). 

Notes: The ciliate, horseshoe-shaped anthers, reticulate seed testa and cupular scales on the adaxial leaf 
surface are diagnostic for M. nidulifera. Although Dunlop (1996) gives the height of M. nidulifera as to 12 cm, 
compared with 20 cm given in the protologue of M. erophila subsp. grandiflora (Parnell 1995), the holotype of 
M. nidulifera is >20 cm high. Known in Thailand only from one collection, it is possible that this is a transitory 
waif, rather than an established, population. 

9. Mitrasacme nudicaulis Reinw. ex Blume, Bijdragen tot de flora van Nederlandsch Indie 14: 849 (1826). 
Dunlop CR, Flora of Australia 28: 43 (1996). 

Type: cin insula Solor’ [Indonesia: Nusa Tenggara: Kepulauan Solor], anno 1821, Reinwardt 1269 (holo: L, 
photograph!). 

Mitrasacme trinervis Span. ‘Prodromus florae timorensis’. Linnaea 15: 335; Icon. 58, (1841). Mitrasacme elata 
var. brevicalyx Leenh. Bulletin du Jardin botanique de VEtat a Bruxelles 32: 457 (1962). Leenhouts PW, in CGGJ 
van Steenis (ed.). Flora Malesiana ser. 1,6(2): 381, Pig. 46 (1962). 

Type: Timor, without date, Spanoghe, s.n. (L5151; photograph!). 

Mitrasacme longiflora P.Muell. ex. Benth., Flora Australiensis 4: 355 (1868). 

Lectotype: (designated Dunlop 1996): Australia: Northern Territory: Darwin and Gulf: Depot Creek, Victoria 
River, without date, F.Mueller s.n. (lecto: K000883360, photograph!; isolecto: MEL, photograph!). 
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Distribution: Mitrasacme nudicaulis is known from Indonesia (Nusa Tenggara), Timor Leste, New Guinea 
and Australia (Leenhouts 1962a, Dunlop 1996). 

Notes: Leenhouts (1962) based Mitrasacme elata var. brevicalyx on M. trinervis Span., placing M. nudicaulis in 
synonymy with M. elata var. brevicalyx in the same publication. Dunlop (1996) describes two varieties in M. 
nudicaulis, with only M. nudicaulis var. nudicaulis known outside Australia, and notes that a small-flowered 
variant is known. Most if not all collections of M. nudicaulis var. nudicaulis from New Guinea appear to be this 
small-flowered variant (Leenhouts 1962a, Dunlop 1996). 

The name M. nudicaulis was misapplied to M. pygmaea R.Br. by Bentham (1853) (Leenhouts 1962b). 

10. Mitrasacme pygmaea R.Br., Prodromus florae Novae Hollandiae 453 (1810). 

Leenhouts PW, Bulletin du Jardin botanique de VEtat a Bruxelles 32:452 (1962).Tirel-Roudet C., in A Aubreville 
and J-F Leroy, Flore du Cambodge, Laos, Vietnam 13: 84 (1972). Li P-t and Leeuwenberg AMJ, in Flora of China 
15: 323 (1996). Dunlop CR, Flora of Australia 28: 37 (1996). 

Type: Australia, Queensland, Port Clinton, 22 Aug 1802, R. Brown s.n. (BM, photograph!). 

Note: Digital images of collections of M. pygmaea held at BM are not available on line but we have film 
photographs of one of Brown’s sheets. These photographs do not carry a specimen database number. Brown 
typically made duplicates of his collections; we refrain from designating a lectotype until other original material 
can be examined. 

Mitrasacme capillaris Wall., in W. Roxburgh, Flora Indica, Ed 1: 420 (1820). 

Type: Nepal, without date, E. Gardner in herb. Wallich (not located). 

Note: Leenhouts (1962b) cites as holotype a specimen at K: Nepal, Aug 1821, E. Gardner in herb. Wallich 4348. 
The specimen (K001038781) bears an annotation by Dunlop that it was collected a year after the name was 
published and, therefore, cannot be the holotype. 

Mitrasacme chinensis Griseb. Novorum actorum Academiae Caesareae Leopoldino-Carolinae naturae 
curiosorum... 19(Suppl. 1): 51 (1843). 

Type: Meyen (B, presumed lost). 

Mitrasacme gallifolia Masam. & Syozi Acta Phylotaxonomica Geobotanica 12: 202 (1950). 

Type: China: “Ca. Mannei”, 25 Nov 1940, Masamune & Fukuyama 110 (TAI, n.v.),fide Tirel-Roudet (1982) 
and Li & Leeuwenberg (1996). 

Mitrasacme lutea H.Lev. Feddes Repertorium 4: 331 (1907) nom. illeg., non F.Muell. (1859). 

Type: China: Hong Kong, 13 Mar 1895, E.M.Bodinier 1060 (E284736, photograph!). 

Mitrasacme malaccensis Wight leones Plantarum Indiae Orientalis 4(4): 15,1.1601 (1850). 

Type: Malaysia, without date, Griffith s.n. (K000450680, photograph!). 

Distribution: Mitrasacme pygmaea is a widespread species, occurring in China, Taiwan, Japan, Korea, 
Southeast Asia, Papua New Guinea, northeast Australia and New Caledonia (Leenhouts 1962a, Dunlop 1996, 
Li and Leeuwenberg 1996). 

Notes: Across its geographic range, the vegetative form of M. pygmaea varies from scapose or scapiform to 
many-branched subshrub, the variation probably being related to altitude, latitude and life history. Various 
infraspecific names have been erected to accommodate this variation; they are not dealt with here, but see 
references above. 

11. Mitrasacme setosa Hance Journal of Botany, British and Foreign 15: 335 (1877). Leenhouts PW, Bulletin du 
Jardin botanique de VEtat a Bruxelles 32: 456 (1962). Tirel-Roudet C, in A Aubreville and J-F Leroy, Flore du 
Cambodge, Laos, Vietnam 13: 89, pi. 14 (1972). 

Lectotype (here designated): Cambodia: Kampot, Jun 1870, Pierre s.n., in herb. Hance 19731 (BM1014338, 
photograph!); isolectotypes: P639991; P639992 photographs!); possible residual syntype: Cambodia, without 
date, Pierre s.n., in herb. Hance 19731 (K000883389, photograph!). 

Distribution: Cambodia (Tirel-Roudet 1972). 

Notes: The specimen from BM is chosen as lectotype because type collections by Hance are generally housed 
there (Stafleu and Cowan 1979), and the specimen is the best of the original material. 
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In its branching habit, dense indumentum, acute calyx lobes and bilobed, clavate stigmas, this species is similar 
to the endemic Australian species M. floribunda Dunlop, M. gentianea F.Muell. and M. multicaulis R.Br. 
However, the description in Tirel-Roudet (1972) states the seeds are minutely verrucose; seeds of the other 
three species are smooth and shiny. The general growth habit and few-flowered inflorescences are similar to 
M. multicaulis, but the globular capsule resembles that of M. floribunda. 

Species excluded from Mitrasacme 

la. Mitrasacme cheesemanii Buchanan, Transactions and Proceedings of the New Zealand Institute 14: 348, pi. 
29, Fig. 2 (1881 [1882]). 

= Veronica quadrifaria Kirk, Transactions and Proceedings of the New Zealand Institute 28: 521 (1896). 

Hebe cheesemanii (Buchanan) Cockayne 8c Allan, Transactions and Proceedings of the New Zealand Institute 
57: 39 (1926). 

Leonohebe cheesemanii (Buchanan) Heads, Botanical Society of Otago Newsletter 5: 5 (1987). 

Note: When M. cheesemanii Buchanan was transferred to Veronica, the specific epithet cheesemanii could not 
be used, because Veronica cheesemanii Benth., Hooker’s leones Plantarum 14:48; t. 1366, Fig. A (1881) refers 
to a different taxon. 

2a. Mitrasacme hookeri Buchanan, Transactions and Proceedings of the New Zealand Institute 14: 348, pi. 29, 
Fig. 1 (1881 [1882]). 

= Veronica hookeri (Buchanan) Garn.-Jones, Taxon 56: 577 (2007). 

Logania ciliolata Hook.f., Handbook of the New Zealand Flora 737 (1867). 

Hebe ciliolata (Hook.f.) Cockayne 8c Allan, Transactions and Proceedings of the New Zealand Institute 57: 39 
(1926). 

Leonohebe ciliolata (Hook.f.) Heads, Botanical Society of Otago Newsletter 5: 5 (1987). 

Veronica gilliesiana Kirk, Transactions and Proceedings of the New Zealand Institute 28: 519 (1896). 

Hebe gilliesiana (Kirk) J.T.Wall, New Flora and Silva 11:135 (1939). 

3a.Mitrasacme mairei H.Lev.,Repertorium Specierum Novarum Regni Vegetabilis 13: 257 (1914). 

= Androsace erecta Maxim (Primulaceae), Bulletin de JAcademie Imperiale des Sciences de Saint-Petersbourg 
27: 499 (1881), n.v.,fide Hu Q 8c Kelso S, Primulaceae, in Flora of China 15: 99 (1996). 

4a. Mitrasacme montana Hook.f. ex Benth. var. helmsii Kirk, Transactions and Proceedings of the New Zealand 
Institute 22: 445, t. 32 (1890). 

= Schizacme helmsii (Kirk) K.L.Gibbons, Telopea 17: 371 8c 372 (2014). 

5a. Mitrasacme novae-zelandiae Hook.f., Handbook of the New Zealand Flora 2: 737 (1867). 

= Schizacme novae-zelandiae (Hook.f.) K.L.Gibbons, Telopea 17: 372 8c 374, Fig. 7 (2014). 

6a. Mitrasacme petriei Buchanan, Transactions and Proceedings of the New Zealand Institute 14: 349, pi. 30, 
Fig. 1 (1881 [1882]). 

= Veronica petriei (Buchanan) Kirk, Transactions and Proceedings of the New Zealand Institute 28: 517 (1896). 

Hebe petriei (Buchanan) Cockayne 8c Allan, Transactions and Proceedings of the New Zealand Institute 57: 42 
(1926). 

Leonohebe petriei (Buchanan) Heads, Botanical Society of Otago Newsletter 5: 6 (1987). 

Name of uncertain status 

Mitrasacme saxatilis Backer ex Cammerl., Bulletin du Jardin Botanique de Buitenzorg 3: 301, Abb. 1, figs 1-3 
(1923). Leenhouts PW, Bulletin du Jardin botanique de I’Etat a Bruxelles 32: 456 (1962). Leenhouts PW, in 
CGGJ van Steenis, (ed.), Flora Malesiana ser. 1, 6: 385 (1962). Backer, CA and Bakhuizen van den Brink, RC 

Jr, Flora of Java 2: 208 (1965). 
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Type: Indonesia: Jawa: Jawa Timur: Madura Island, 6 Jul 1916, Backer 21265 (lecto: designated Leenhouts 
Bulletin du Jardin botanique de I’Etat a Bruxelles 32: 456 (1962); BO n.v.; isolecto L., photograph!). 

Notes: The rigid, pungent-tipped leaves of this species are atypical of Mitrasacme, and, in the illustration in 
the protologue, one leaf of an (opposite) pair appears to overlap the other, whereas in Mitrasacme and closely 
related genera the leaf-bases are joined by an interfoliar sheath (a modification of the interpetiolar stipules 
typical of Loganiaceae). Further examination of type material is needed, but we are doubtful that this species 
is attributable to Mitrasacme. 
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Abstract 

A new name, Muhlenbergia myanmarensis is proposed for M. fasciculata T.P.I.Phan, as the latter name is a later 
homonym. 

Introduction 

The grass genus Muhlenbergia Schreb. (Poaceae) belongs to the subfamily Chloridoideae. Bor (1960) placed 
it under the tribe Agrostideae as the lemma is awned. Clayton and Renvoize (1986) referred it to the subtribe 
Sporobolinae in the tribe Eragrostideae based on characters like the unspecialized, one to many flowered 
spikelets, the 1-3-nerved lemma, and ligules that are membranous or represented by a line of hairs. Peterson 
et al. (2010a, b) and Soreng et al. (2015) placed it in the subtribe Muhlenbergiinae in the tribe Cynodonteae 
based on molecular evidence. The genus has about 182 species (Soreng et al. 2015) inhabiting steppes and 
mountains from subarctic North America to southern South America (Pohl 1969), as well as south-east Asia 
(Wu & Peterson 2006). Only eight species are known to occur in southern Asia. In India five species are 
reported, most of which occur in the Himalayan region, except for M. himalayensis, which is reported to range 
from the Himalayas to the Western Ghats. Delmail & Hilaire (2011) recorded another addition to the Indian 
Flora, namely M. fasciculata T.P.I.Phan from Nagaland. This species was first described by Phan (1994) from 
Myanmar. Phan designated two specimens as the types in the protologue; one flowering and the other fruiting, 
thus making the name invalid (ICN Article 40, McNeill et al. 2012). Subsequently, Delmail (2010) validated the 
name by citing the flowering specimen as the holotype. While doing so, Delmail attributed sole authorship of 
the name to Phan. The year of valid publication of the name is thus 2010, as indicated in IPNI. 

Observations 

A literature survey revealed that there is another Muhlenbergia fasciculata published by Trinius (1824). This 
species is only known from the New World and is currently treated as a heterotypic synonym of M. microsperma 
(DC.) Trin. Therefore, the name given by Phan to the Myanmar specimens is a later homonym and hence 
illegitimate. So, the Myanmar plant does not have a legitimate name and we provide one below. The specific 
epithet refers to the country from where it was first collected. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Taxonomy 

Muhlenbergia myanmarensis Arum., G.V.S.Murthy & V.J.Nair, nom. nov. 

Muhlenbergia fasciculata T.P.I.Phan in Delmail, Nordic Journal of Botany 28(3): 298. 2010, non Trinius 
(1824: 192). 

Type: Myanmar: Rakhine, Arakan Yoma, c. 1221 m, 11 April 1992, T.P.I. Phan PH0435 (SBXM) (Holotype 

selected by Delmail in Nordic Journal of Botany 28(3): 298.2010). 
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Abstract 

Leionema lamprophyllum subsp. fractum (Rutaceae); a new and highly restricted taxon from the Hunter Valley of 
New South Wales. A new subspecies of Leionema lamprophyllum, formerly included in L. lamprophyllum subsp. 
obovatum F.M.Anderson, is here described as new. Currently known from fewer than 50 individuals, the new 
subspecies is highly restricted and warrants a conservation risk code of at least Endangered. An illustration of the 
new taxon, notes on its distribution and habitat, and a key to all four subspecies of L. lamprophyllum are provided. 

Introduction 

Anderson (1999) undertook a morphological revision of Leionema lamprophyllum (F.Muell.) Paul G.Wilson, 
recognising three subspecies: L. lamprophyllum subsp. lamprophyllum (endemic to subalpine regions of 
Victoria), L. lamprophyllum subsp. orbiculare F.M.Anderson (endemic to the Rylstone-Lithgow area of New 
South Wales), and L. lamprophyllum subsp. obovatum F.M.Anderson (from the Australian Capital Territory, 
New South Wales and Victoria). In that study, leaf shape and size were shown to be the major discriminatory 
characters separating these three taxa. At the time, the only Hunter Valley material available for examination 
had been misidentified as L. rotundifolium (A.Cunn. ex Endl.) Paul G.Wilson, and consequently was not 
considered in Anderson’s revision. Specimens subsequently collected from this region were included in a 
broad circumscription of subsp. obovatum. 

As currently recognised, Leionema lamprophyllum subsp. obovatum is represented by several widely spaced 
populations in Victoria, New South Wales and the Australian Capital Territory. At present, the Hunter Valley 
population of this taxon is listed as endangered’ under the NSW Threatened Species Conservation Act 1995 
(NSW Scientific Committee 2007), recognising its disjunct nature and very small population size (four 

individuals at that time). Research currently underway for an account detailing the endemic plant species of 
the Hunter Valley has led to a re-examination of plants from this population. This has been largely prompted by 
the highly disjunct population in the Hunter Valley (c. 300 km from the nearest known stand), and observable 
morphological differences between these plants and herbarium specimens. 

© 2015 Royal Botanic Gardens and Domain Trust 
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Taxonomy 

Leionema lamprophyllum subsp.fractum S.A.J.Bell, subsp. nov. 

Differs from its presumed closest relative L. lamprophyllum subsp. obovatum by the larger, rhomboidal or 
obtrullate leaves, the crenate to dentate leaf margins, the shortly attenuate to cuneate leaf bases, the densely 
stellate-hairy calyx and branchlets, and the yellow to yellowish-green flower buds. 

Type: New South Wales: North Coast: Broken Back Range, Pokolbin State Forest, 30 Aug 2014, S.A.J. Bell 4501 
(holo: NSW987279; iso: MEL) [precise location withheld for conservation purposes]. 

Shrub to 1.5 m tall. Branchlets terete or angular when very young due to leaf decurrencies, prominently 
glandular-verrucose, densely pilose with simple or 2-8-rayed stellate hairs, leaf-decurrencies moderately- to 
densely stellate, glabrescent with age; branchlets becoming glabrous with age. Leaves alternate. Petiole mostly 
O. 5-1.3 mm long, sparsely stellate-hairy. Lamina strongly and pleasantly aromatic when crushed; rhomboidal 
or obtrullate, 6.0-9.0 mm long, 3.0-5.0 mm wide, glabrous but midrib usually sparsely stellate-hairy at least 
in the lower half, leaf base shortly attenuate to cuneate, margin usually crenate to dentate with 2-6 blunt teeth 
or shallow rounded lobes on each side in distal half but sometimes erose, apex obtuse; adaxial surface glossy 
and prominently glandular-punctate, wrinkled on drying, midrib impressed with simple or stellate hairs in 
lower half, lateral veins not visible; abaxial surface paler and prominently glandular-punctate. Inflorescences of 
2-4-flowered umbellate cymes in upper axils or terminal, occasionally reduced to a single flower and sometimes 
the cymes apparently lacking a peduncle. Peduncle (0.5-)1.4-3.5 mm long, flattened or angular, prominently 
glandular-verrucose, moderately to densely stellate-hairy. Pedicel 1.5-3.7 mm long, angular and prominently 
glandular-verrucose, moderately to densely stellate-hairy. Flower buds obovoid, yellow to yellowish-green, 
sometimes with rusty infusions. Sepals deltoid, concavo-convex, mostly 0.5-0.8 mm long, glandular-verrucose, 
margins and lower half prominently but minutely and densely simple- or stellate-haired. Petals narrow-elliptic, 
2.3-3.1 mm long, white but sometimes with tips pink-infused, caducous, glandular-punctate on abaxial surface, 
glabrous, apex indexed, midrib prominent. Stamens shorter than or slightly exceeding petals, filaments slender 
and terete to flattened, tapering distally, 2.5-3.0 mm long, glabrous; anthers cordate-ovate, mostly 0.4-0.6 mm 

long, dorsifixed and versatile, pale yellow. Gynophore short-cylindrical, 0.3-0.5 mm long, reddish-brown, 
glabrous, slightly narrower than ovary. Ovary sub-spherical to cylindrical, 0.8-1.0 mm long, green, glabrous. 
Style terete, glabrous, 1.5-2.0 mm long, glabrous, gynobasic, usually shorter than stamens. Fruiting cocci mostly 
1 or 2 (rarely to 4) per flower, spreading, 2.0-4.0 mm long, obliquely ovoid, sparsely glandular-punctate, outer 
edge minutely apiculate to shortly rostrate, beak 0.5-1.0 mm long. Seed ovoid, 2.0-2.2 mm long, raphe basal, 
testa smooth and minutely punctate, glossy black, aril cream-coloured (Fig. 1). 

Additional specimens: NEW SOUTH WALES: North Coast: Broken Back Range, Pokolbin State Forest, 
P. G. Richards 162, B. Wiecek & T. Tame 5 Apr 1993 (NSW268568); N end of Broken Back Ra., NW of 
Cessnock, 5 Apr. 1993, T. Tame & P Richards 3758/162 (Hunter Regional Botanic Gardens Herbarium, MEL); 
Broken Back Range, 5 Aug. 2001, S.A.J. Bell 2344 (DMHN); Broken Back Range, 3 Dec. 2014, S.A.J. Bell 4549 
(DMHN). Central Western Slopes: Munghorn Gap on Mudgee - Wollar road, 20 Sep. 1986, R. T. Miller s.n. 
(NSW700836). [precise locations withheld for conservation purposes] 

At least two specimens from the Hunter Valley (NSW268568 and NSW700836) had previously been referred to 

L. rotundifolium, but this species is not known to occur within c. 300 km of the known range of L. lamprophyllum 
subsp. fractum and can be distinguished by the smooth (rather than glandular-verrucose) stems and quite 
entire, obovate to orbicular leaves. Interestingly, the type of L. rotundifolium, collected by Allan Cunningham 
in August 1827, is purportedly from ‘Hills on the Hunter(s) River, and specimens exist at CANB, K, G and 
MEL. The Kew sheet (K717352) has a label (other than Cunningham’s original) with the note ‘Hunter’s River, 
Mt Dangar’ in a hand that is not Cunningham’s. It is unclear if Cunningham explored Mount Dangar (a basalt 
remnant) at this time, only passing by its south-western flanks on his return to Bathurst from the Darling Downs 

in 1827 (Lee 1925; McMinn 1970a, b; Curry et. al. 2002). He had previously ascended Mt Danger in May 1825, 
as evidenced by his collection of Cassinia cunninghamii on its summit (see Orchard 2014), and it is unlikely 
that he would again attempt a climb in his reportedly physically exhausted state after his 13 week journey to 
the Darling Downs (McMinn 1970b). It is plausible that Cunningham collected the Leionema specimen in the 
Inverell to Stanthorpe region (within the Darling Downs, and the core distribution of L. rotundifolium), but 
mistakenly, and up to this point, inexplicably, labelled it with an annotation from the Hunter Valley. 

A search of the collection site of NSW700836 at Munghorn Gap in August 2015 failed to locate any plants there, 
suggesting that if the population still exists it is likely to be small. The original collector (R. Miller) advises that 
it was an incidental collection, and no additional notes on habitat or population size were made at that time. 
Subsequent surveys of Munghorn Gap Nature Reserve by Hill (1999) did not record any Leionema rotundifolium. 
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Fig. 1. Leionema lamprophyllum subsp .fractum; a, budding branch; b, flowering branchlet; c, individual flower bud; 

d, individual flower; e, flower ovary and style, with petals and anthers removed; f, follicle, prior to dehiscing; g, dehisced 

follicle; h, seed; i, j, leaf upper surface, showing variation in marginal teeth. Scale bar: a = 10 mm; b = 2 mm; c-g = 1 mm; 

h = 0.5 mm; i, j = 1 mm (a-e from holotype; f-h from S.A.J. Bell 4549, 3 Dec 2014). Artist: Chris Rockley. 

Affinities: Leionema lamprophyllum subsp .fractum can be distinguished from other described subspecies of 
L. lamprophyllum through a combination of flower, leaf and stem indumentum characteristics (see Key below). 
Table 1 summarises the main differences from the presumed most closely related subsp. obovatum. 
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Table 1. Comparison of Leionema lamprophyllum subsp. obovatum and subsp. fractum. 

Character obovatum fractum 

Flower bud (fresh) white to pink yellow to yellowish-green, occasionally with rusty 
infusions 

Indumentum calyx glabrous to glabrescent; branchlets sparsely 
minutely stellate 

calyx and branchlets moderately to densely minutely 
stellate 

Leaf length 4-6(-8) mm 6-9 mm 

Leaf shape obovate to broadly-obovate rhomboidal or obtrullate 

Leaf margin entire to minutely erose or crenulate in the distal half irregularly crenate to bluntly dentate in the distal half 

Leaf apex rounded to truncate, rarely retuse or obtuse obtuse 

Key to subspecies of Leionema lamprophyllum (following Anderson 1999) 

1. Leaves suborbicular to orbicular, (1.7-) 2.4-3.2 (-3.9) mm long, apex rounded to minutely mucronate... 
.subsp. orbiculare 

1: Leaves elliptic to obovate or rhomboidal, (2.6-) 4.0-10.6 (-14.2) mm long, apex acute to obtuse .2 

2. Leaves elliptic, (5.6-) 7.6-10.6 (-14.2) mm long; apex acute, margin entire to minutely erose toward apex; 
petals (3.3-) 3.7-4.3 (-4.4) mm long; pedicel (3.0-) 3.5-5.0 (- 6.0) mm long . 
. subsp. lamprophyllum 

2: Leaves obovate to rhomboidal, 2.6-9.0 mm long; apex obtuse (rarely subacute), margin entire to minutely 
erose, crenulate or crenate toward apex; petals (2.0-) 2.4-3.7 (-4.3) mm long; pedicel (1.0-) 1.5-2.7 (-3.8) 
mm long . 3 

3. Leaves obovate to broadly-obovate, 4-6(-8) mm long, entire to minutely erose or crenulate in distal half, 
apex rounded or truncate, rarely retuse or obtuse; calyx and branchlets sparsely minutely stellate; flower 
buds white to pink.subsp. obovatum 

3: Leaves rhomboidal or obtrullate, 6-9 mm long, irregularly crenate to dentate in distal half, apex obtuse; 
calyx and branchlets densely minutely stellate; flower buds yellow to yellowish-green.subsp .fractum 

Variation within subsp. obovatum approaching subsp. fractum: Some herbarium specimens of 

L. lamprophyllum subsp. obovatum approach subsp. fractum in certain leaf and calyx characters, but differ in 
others. For example, NSW70056 (Tingiringi Mtns, NSW-VIC border, nr. Delegate, E. Betche, s.n., Mar 1889) 
possesses crenulate to crenate leaf margins and slightly stellate-hairy buds, but leaves are broad-obovate rather 
than obtrullate. NSW248984 (Southern Tablelands, Micalong Creek, c. 9km S of Wee Jasper, P. Ollerenshaw 

1762, 1 Sep 1986; dupl. CBG) and NSW700843 (Victoria, Brisbane Ranges National Park, V Stajsic 288 & 
S. Spence, 8 Aug 1991; dupl. CANB, MEL, PERTH) show very small (3-4 mm) obovate to obtrullate leaves, and 
have glabrous or only slightly stellate-hairy calyces and branchlets. NSW90426 (ACT, Cotter River, near Black 
Springs, L.G. Adams 622, 5 May 1963; dupl. B, CANB, K, L, MEL, US) has obovate to broad-cuneate leaves with 
entire to crenulate margins, but glabrous to only minutely stellate-hairy calyces and branchlets. 

Distribution: Recorded from Munghorn Gap, east of Mudgee (but not recollected there since 1986), and along 
the northern escarpment of the Broken Back Range east of Cessnock, both in the Hunter Valley of New South 
Wales. The two locations are very disjunct from other subspecific taxa, particularly subsp. obovatum (Figure 2). 
To date, the Broken Back Range has not been extensively explored botanically, and other populations may 
be present in suitable habitat. Further investigation is required in the vicinity of the 1986 collection from 
Munghorn Gap (NSW700836); a brief exploration in August 2015 failed to locate any individuals there. 
A previous vegetation survey undertaken within Munghorn Gap Nature Reserve reported only Phebalium 
squamulosum subsp. gracile and P. glandulosum subsp. glandulosum (Hill 1999). 

Flowering: Budding has been observed to commence in early May, with flowers fully open during September. 

Mature fruit have been collected in December. 



Leionema lamprophyllum subsp. fractum (Rutaceae) Telopea 18: 505-512, 2015 509 

■ Leionema lamprophyllum subsp. fractum 

+ Leionema lamprophyllum subsp. lamprophyllum 

A Leionema lamprophyllum subsp. obovatum 

O Leionema lamprophyllum subsp. orbiculare 

NORTH 

New South Wales 

\ 

Victoria 

i • 
MELBOURNE 

% 

+*+ + + -■ 

SYDNEY 

500 

kilometres 

Fig. 2. Distribution of Leionema lamprophyllum in south-eastern Australia (Source: AVH). The Munghorn Gap collection 

of subsp. fractum (NSW700836) is shown with T as this population has not been vouchered since 1986. 

Habitat: On the Broken Back Range, this taxon occurs in sparse heathland or very open low woodland in 
skeletal sandy soils, on a steep (c. 45°) northerly to north-westerly facing broken spur-end of a rugged, rocky 
cliffline of the Triassic Narrabeen series, at 515 m elevation (Figure 3). Common associates include Corymbia 
maculata, Eucalyptus sparsifolia, Pultenaea spinosa, Leptospermum trinervium, Acacia parvipinnula, Dillwynia 
sieberi, Persoonia linearis, Leucopogon muticus, Astrotricha sp. Quorrobolong (S. Lewer 40), Correa reflexa var. 
reflexa, Patersonia sericea, Entolasia stricta, Cleistochloa rigida, Pomax umbellata, Lepidosperma gunnii and 
Lomandra confertifolia subsp. rubiginosa. The threatened Eucalyptus fracta and Prostanthera cineolifera are also 
present in this habitat or nearby. Habitat at the Munghorn Gap collection site is described as ‘transitional soils, 
between basalt and sandstone, growing with Zieria compacta in slightly sheltered places between sandstone 

boulders’. This location is also on Triassic Narrabeen geology, at 660 m elevation, and reportedly downslope 
of a Tertiary basalt deposit. Field observations from August 2015 showed the area to be an open forest of 
Eucalyptus rossii, E. sparsifolia and Callitris endlicheri, with E. piperita and Angophora floribunda in protected 
gullies amongst sandstone ‘pagoda formations. 

Population size: In December 2014, thirty-eight plants were counted from the Broken Back population, ranging 

in size from young specimens 15-20 cm high through to older specimens of 140 cm. Most plants occurred on 
northerly to north-westerly aspects, on sandstone benches and in rock fissures. A search of adjacent habitat 
(to 100 m either side) failed to locate further individuals, neither did inspection of the next broken spur-end to 
the east. Given the likelihood that some plants were overlooked due to the steep cliffs present in this locality, 
it is estimated that up to fifty specimens may be present at this population. The rugged nature of the Broken 
Back Range suggests that other populations of this taxon may be present in similar habitat, and these should 
be searched to increase knowledge of total plants. Similarly, although no plants could be found at Munghorn 
Gap in August 2015, further searches in this area are warranted. 

Conservation status: At present, the population of Leionema lamprophyllum subsp .fractum within the Hunter 
catchment is listed (as subsp. obovatum) as an Endangered Population under the NSW Threatened Species 
Conservation Act 1995. At the time of its listing, only four individuals were known; however targeted counts 
reported here raise this population size to thirty-eight. All plants occur within Pokolbin State Forest, and 
none is known from a dedicated conservation reserve. Protection of L. lamprophyllum subsp. fractum is still 
warranted, perhaps as an endangered taxon rather than an endangered population, given the low numbers 
of known plants (<50) and the potential for a single stochastic event, such as cliff collapse, to impact on the 
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population. A small informal camp site accessed by a four wheel drive trail currently exists immediately upslope 
of this population, but no plants appear to be impacted upon by disturbance associated with it. A conservation 
risk code (ROTAP: Briggs & Leigh 1996) of 3E is proposed for this taxon, given the -150 km separation 

between the two collection localities. Under IUCN (2001) criteria, a code of CR (Critically Endangered) is 
appropriate, based on the currently known total population of fewer than 50 individuals (Criteria B & D). 

/A 

Fig. 3. Habitat of Leionema lamprophyllum subsp. fractum. Broken Back Range. 

Etymology: The subspecific epithet, fractum, is derived from the Latin fractus, broken, and is a direct reference 
to the very broken and fractured sandstone habitat (spur-end) in which this taxon occurs. It also pertains more 
broadly to the Broken Back Range, the site of the only known extant population of this subspecies. 

Discussion 

Apart from Binns (1996), only limited botanical study has been made of the flora of the Broken Back Range. 
Despite this, it is already known to harbour a number of significant taxa. The threatened Pokolbin Mallee 
(Eucalyptus pumila), Broken Back Ironbark (Eucalyptus fracta) and Singleton Mallee (Eucalyptus castrensis) 
occur almost exclusively on this Range (Cambage 1919; Hill 1997; Hill & Stanberg 2002), while the threatened 
and poorly understood Prostanthera cineolifera is also present. The rare Eucalyptus expressa was first recorded 
in this area (Binns 1996; Bell & Nicolle 2012), and good populations of other rare species such as Angophora 
euryphylla, Acacia bulgaensis, Eucalyptus fergusonii subsp. dorsiventralis and Grevillea montana also occur. On 
the northern footslopes of the range, an undescribed eucalypt with affinities to Eucalyptus fibrosa is currently 
under study (see Klaphake 2010). Astrotricha sp. Quorrobolong (S. Lewer 40), also under study, occurs widely 
in the immediate locality. 
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The three subspecies of Leionema lamprophyllum delineated by Anderson (1999) all exhibit disjunct 
populations across south-eastern Australia, with only subsp. orbiculare and subsp. obovatum present in New 
South Wales. Geographically, Leionema lamprophyllum subsp. orbiculare is the closest taxon to subsp. fractum 
(80-130 km distant), but differs substantially in the very small and orbiculate leaves. Morphologically, subsp. 
obovatum, within which subsp. fractum was formerly placed, appears most similar to the new taxon, and 
the two share general features such as leaf shape (obovate to rhomboidal) and short pedicels (c. 1-4 mm). 
However, subsp .fractum is geographically isolated from the nearest known population of subsp. obovatum by 
approximately 300 km, and possesses various features that distinguish it from what appears to be its closest 
relative (see Table 1). The new taxon also occurs on soils derived from Triassic quartz-rich sediments from 
the Mesozoic Era, while subsp. obovatum grows in granite-derived Paleozoic soils from the Devonian, Silurian 
and Ordovician periods. All defined subspecies of Leionema lamprophyllum reportedly occur in exposed rocky 
habitats on skeletal soils, typically in open heath and scrub or open eucalypt woodland (Anderson 1999). 

A number of new Leionema taxa have been described for south-eastern Australia over the last decade 
(e.g. Horton et al. 2004; Walsh 2004; Duretto et al. 2006), including formal recognition of previously recognised 
forms within described taxa. For example, Duretto et al. (2006) formalised four taxa at subspecific rank for 
L. bilobum, a species, like L. lamprophyllum, with a widely disjunct distribution. Walsh (2004) extracted 
L. ceratogynum from L. phylicifolium, noting among other features differences in habitat and leaf morphology. 
It is appropriate, therefore, that material from the Hunter Valley, previously included in L. lamprophyllum 
subsp. obovatum, be recognised as distinct based on distribution, morphological and habitat grounds. The 
new taxon is considered a subspecies of L. lamprophyllum rather than a new species of Leionema, in keeping 
with the level of morphological variation and geographical disjuncture recognised within currently accepted 
taxa in the genus (see brief discussion on use of differing ranks in Walsh 2015). In addition, the similarity of 

certain leaf and calyx characters observed in some collections of subsp. obovatum (discussed above) further 
suggest the rank of subspecies to be most appropriate, despite the presumed lack of gene flow likely between 
such widely separated taxa. 
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Abstract 

A new species Commelina badamica Nandikar & Gurav from the sandstone plateaus of Badami, Karnataka, 
India is described and illustrated. Commelina badamica is similar to C. clavata and C. diffusa, but differs in 
having indefinite habit, linear to narrowly lanceolate leaves, puberulous or velutinous to tomentose spathes, 
clawless petals, a velutinous ovary, a radiately tri-lobed stigma, one capsule per spathe, and trapezoidal, ventrally 
truncate seeds. 

Introduction 

Commelina L. (Linnaeus 1753) is one of the largest genera in the family Commelinaceae, represented by c. 170 
species (Faden 2012). The genus is pantropical but has mostly diversified in Tropical Africa comprising 120 
species, with a wide range of variation in habit, inflorescence, flower colour, capsule dehiscence, seed number 
and coat texture, and chromosome number (Faden 2012). Most of the species occur as weeds along roadsides 
or in cultivation fields, but a few of them are restricted or exclusively known from forest habitats (Faden 2012; 

Nandikar 2013,2014). In India, the genus is represented by 25 species (Nampy et al. 2013) of which Commelina 
alisagarensis Kumar St Deodikar (1941), C. hirsuta (Wight) Bedd. (Beddome 1880), and C. tricolor E.Barnes 
(1946) are apparently endemic. Recently, two new species Commelina clavatoides Nampy & S.M.Joseph (Joseph 
et al. 2012) and C. andamanica S.M. Joseph St Nampy (Nampy et al. 2013) have been added to the Indian flora. 
However, the distinctiveness of the former species from C. clavata C.B.Clarke (1874) requires further study. 

During 2010 the first author visited Badami, Bagalkot District, Karnataka, India and collected several 
individuals of a Commelina species. This led to a subsequent visit and collection in 2014. These specimens 
were compared with the known species of Commelina held at major Indian herbaria (ASSAM, BLAT, BSI, CAL, 
CALI, DD, MH) and a literature survey was then carried out. In addition, seeds were examined using a scanning 
electron microscope and compared with seed from known species. From this study it was determinded that 
the Badami specimens belonged to a hitherto undescribed species. The species is here illustrated, and details 
of morphology and conservation status are provided. 

© 2015 Royal Botanic Gardens and Domain Trust 



514 Telopea 18: 513-518, 2015 Nandikar and Gurav 

Taxonomy 

Commelina badamica Nandikar & Gurav, sp. nov. 

Diagnosis: Commelina badamica is similar to C. clavata, but differs in having an indefinite habit, linear to 
narrowly lanceolate leaves, puberulous, velutinous to tomentose spathes, upper cincinnus with single male 
flower, clawless petals, yellow to golden yellow antherodes, velutinous ovary, radiately tri-lobed stigma, single 
capsule per spathe, spathe with rounded or retuse apex, oblique base, and prominent mid-ventral constriction, 
and trapezoidal, ventrally truncate seeds. 

Type: India: Badami, Bagalkot District: Karnataka: 670 m alt. (15°54’N 75°41’E),M. D. Nandikar 0238,11 Nov 
2010 (holo: CAL; iso: BLAT, BSI, CALI, MH, NGCPR, SUK and Goa University Herbarium). 

Annual herbs, diffusely branched, c. 30 cm tall, ascending to erect, with or without definite growth. Roots fibrous, 
rooting from the basal nodes. Stem with 1,2-6(-7) cm long internodes, glabrous, green to maroon, nodes swollen. 

Leaves distichous or spirally arranged, sheath usually splitting longitudinally at branching or flowering points, 
otherwise tubular, persistent, 0.2-1 cm long, ribbed and speckled with maroon spots, sparsely to densely ciliate 
at summit; leaf lamina sessile, falcate or not, folded or not, linear to narrowly lanceolate, l-6(-7) cm long, 0.3- 
0.6 cm wide, glabrous, apex acuminate, base truncate to auriculate, margin glabrous. Spathes solitary, terminal 
or leaf opposed, pedunculate, peduncle l-4(-5) cm long, margin puberulous, lanceolate in outline, 0.4-0.5 cm 
high, l-2(-2.2) cm long, surface puberulous abaxially, velutinous to tomentose adaxially, margin free, ciliate or 
villous, apex acute, base cordate. Upper cincinnus with a single male flower, lower cincinnus consists of 4 or 
5 bisexual flowers. Male flower similar to bisexual flowers; bisexual flowers 10-12 mm diameter, dark blue in 
colour, rarely white, pedicellate, pedicel c. 5 mm, glabrous. Lateral sepals paired, elliptic, c. 4 mm long, 2 mm 
wide, petaloid or faint blue to white, concave at apex; medial sepal slightly to broadly elliptic, c. 4 mm long, 
3 mm wide. Lateral petals paired, clawless or rarely with inconspicuous claw, limb orbicular to sub-orbicular, c. 
6 mm long, 6 mm wide, dark blue, medial petal sub-orbicular, c. 5 mm long, 4 mm wide, dark blue, rarely white. 
Staminodes 3, equal to or shorter than stamens; filament blue to white, c. 2 mm long; antherode cruciform, yellow 
to golden yellow. Stamens 3, equal to or longer than staminodes; filament blue to white, c. 2 mm long, anther of 

medial stamen saddle shaped, elliptic in lateral stamens, golden yellow. Ovary oblong-elliptic, c. 1.5 mm long, 
1 mm wide, bi-locular, velutinous; style slender, c. 1 mm long; stigma radiately tri-lobed. Capsule one per spathe, 
bi-locular with prominent, longitudinal constriction in the middle, longitudinally dehiscent, c. 6 mm long, 
2 mm wide, oblong, glabrous, apex rounded or obtuse or retuse, excurved from the spathe, base oblique; locules 
2-seeded, rarely 1-seeded. Seeds trapezoidal, 2-3 mm long, 1.8-2 mm wide, truncate at both ends; testa usually 
brown, with yellowish warts, dorsally reticulate, ventrally faintly reticulate; hilum linear, covering entire ventral 
end; embryotega distinct, exserted, acute. Fig. 1, Fig. 2 (excl. E), Fig. 3A-C. 

Etymology: The specific epithet ‘badamica refers to the place of the type collection: Badami, a tourist 
destination in Karnataka, India, famous for cave temples, inscriptions and sculptures. 

Phenology: Flowers and fruit observed from October to December. 

Distribution & Habitat: Found on sandstone plateaus of the Bagalkot and Gadag districts of Karnataka and 
possibly endemic to this region. However, it may also occur in similar habitat of the Bijapur and Gulbaraga 
districts of Karnataka. Grows in full sun in open drylands on sandstone plateaus. 

Conservation status: This species was collected from two sandstone localities. One is the type locality at 
Badami, while the other is from Gajendragad in the adjoining Gadag district. The population of Commelina 
badamica from the type locality is found across an area of less thanl sq km, and even though the area receives 
many tourists, no threats were observed. The Gajendragad locality contains small populations with very few 
individuals, spread over less than 1 sq km. At this site a future investigation is required to determine whether 
or not the recent installation of windmills has caused damage to the populations. To better assess the species’ 
distribution and conservation status, future field surveys are needed in similar habitats within adjoining 

districts. Presently the species is assessed as Data Deficient (IUCN 2014). 

Additional specimens examined: INDIA; Karnataka Badami; Bagalkot district, M.D. Nandikar s.n., 4 Oct 
2014 (NGCPR); Gajendragad; Gadag district, M.D. Nandikar s.n., 5 Oct 2014 (Goa University Herbarium). 

Notes: Apart from Commelina clavata, C. badamica exhibits similarity to C. diffusa, but this species differs 
in having glabrous spathes, clawed petals, a tri-locular, 5-seeded capsule, indehiscent dorsal locule (Table 1) 
and doubly reticulated seeds (Table 1, Fig. 3G-I). Characters such as puberulous to tomentose spathes and 
bi-locular capsules are also known in C. attenuata Vahl, but characters such as clawed petals and sausage 
shaped, smooth to alveolate appendaged seeds differentiate it from C. badamica. Comparative morphological 
differences from species C. clavata and C. diffusa are presented in Table 1. 
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Fig. 1. Commelina badamica A. habit, B & C. flowering spathes (abaxial and adaxial view respectively), D. stamen, E. 
staminode, F. pistil, G. fruiting spathe, H. capsule, I. seeds (dorsal surface (above) and ventral surface (below)). A-I from 

Nandikar 0238 (SUK). Scale shown on figure. Illustrator: M.D. Nandikar 
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Fig. 2. Commelina badamica A. habitat, B & C. spathes, showing length variation within individuals, D. flower from above, 

E. flower of C. clavata, F. spathe with a solitary unopened capsule, G. spathe with dehisced capsule. 



Commelina badamica (Commelinaceae), a new species from India Telopea 18: 513-518, 2015 517 

Fig. 3. Scanning electron microscope images of seeds: A-C. Commelina badamica, D-F. C. clavata, G-I. C. diffusa 

(A, D, G: dorsal view; B, E, H: ventral view; C, F, I: magnified view of testa). Scale shown on figure. 
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Table 1. Comparative morphological characters for Commelina badamica, C. clavata and G diffusa. 

Characters C. badamica C. clavata C. diffusa 

Habit herbs of definite or indefinite 

growth 

herbs of definite growth herbs of indefinite growth 

Leaf lamina linear-narrowly lanceolate, 1-6 

(-7) x 0.3-0.6 cm 

narrowly lanceolate-elliptic, 2-10 

x 0.5-1.5 cm 

linear lanceolate-lanceolate- 

elliptic, 1.5-10 x 0.5-2 cm 

Spathes surface puberulous abaxially, 

velutinous-tomentose adaxially 

surface glabrous-puberulous or 

pilose abaxially, glabrous adaxially 

both surfaces glabrous 

Petals without claws with distinct claws with distinct claws 

Antherode yellow to golden yellow purple to violet with yellow lobes yellow 

Ovary velutinous glabrous glabrous 

Number of capsules 

per spathes 

1 2-6 2 or 3 

Capsule bi-locular, with apex rounded or 

obtuse or retuse, 4-seeded 

bi-locular, with apex acute, 

4-seeded 

tri-locular, with apex acute, 

5-seeded 

Seed trapezoidal, reticulate, ventrally 

truncate 

ellipsoid, reticulate, not ventrally 

truncate 

ellipsoid, doubly reticulate, not 

ventrally truncate 
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Abstract 

A new species of Prostanthera (P. conniana T.C.Wilson) from the Southern Tablelands botanical region of New 
South Wales, Australia, is here described. This species is known only from the Shoalhaven River in the vicinity 
of Bungonia. Features that justify the recognition of this species are a compact inflorescence, a hairy calyx, and 
an anther appendage longer than the anther locule. A comprehensive description, diagnostic illustrations, and 

an assessment of the conservation status of P. conniana are accompanied by an updated section of the key to 
Prostanthera species of New South Wales. 

Introduction 

Most species of Prostanthera (Lamiaceae) grow in open rocky habitats typically associated with narrow gullies, 
slopes, cliff faces and cliff edges. The dissected topography of south-eastern Australia, particularly along 

the Great Dividing Range, accommodates 36 species of this genus, with 16 of those species being localised 
endemics (Conn 1993 onwards; Conn and Wilson 2015). The Shoalhaven River has its headwaters in the 
Great Dividing Range from where it flows north then east, forming the eastern margin of the Bungonia 
State Conservation Area. Bungonia State Conservation Area abuts Morton National Park to the east, and is 
characterised by the deeply incised gorges of the Shoalhaven River and its tributaries. Vegetation of the area is 
predominantly Eucalyptus bosistoana F.Muell - E. eugenioides Sieber ex Spreng. dry sclerophyll forest on the 
plateaus and slopes, with remnant dry rainforest along some water courses, and Casuarina cunninghamiana 
Miq. dominating the lower gorge. A number of rare or threatened angiosperms occur in the area: Haloragis 
exalata F.Muell., Pterostylis calceolus M.A.Clem., Acacia chalkeri Maiden and Pimelea axiflora subsp. pubescens 
Rye. The geology of the Bungonia State Conservation Area comprises three superimposed geological facies, 
namely: the late Ordovician Tallong sedimentary beds (shale, chert, arenite), the late Silurian Bungonia 
limestone group (shale and limestone), and the early Devonian Tangerang formation (Carr et al. 1980). 

© 2015 Royal Botanic Gardens and Domain Trust 
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Eight species of Prostanthera have been recorded from the Shoalhaven river region, including P. hirtula F.Muell. 
ex Benth., P. incana A.Cunn. ex Benth., P. ovalifolia R.Br., P lasianthos LabilL, P. rotundifolia R.Br., P. saxicola var. 

montana A.A.Ham. as well as the localised endemic P. tallowa B.J.Conn & T.C.Wilson (Atlas of Living Australia; 
Conn and Wilson 2012). The geographic distribution of P. ovalifolia extends from Wagga Wagga, New South 
Wales, in the south to Wide Bay, Queensland, in the north (Conn 1993 onwards). Prostanthera ovalifolia is 
currently regarded as a morphologically variable species complex, and its delimitation with respect to P. lanceolata 
Domin and P cineolifera R.T.Baker & H.G.Sm. is unclear (Conn 1992). One of the first specimens of Prostanthera 
collected from Bungonia State Conservation Area (Rodd 6109) was assigned to P. ovalifolia on account of its erect, 
open, multibranched growth habit, its narrow ovate leaves and its flowers clustered in racemose inflorescences. 
However, on closer examination, the specimen differs significantly from typical P. ovalifolia by having more 
compact inflorescences, a distinctive calyx indumentum, and longer anther appendages. The inflorescences and 
longer anther appendages better resemble those of P. prunelloides R.Br.; however, the Bungonia collection differs 
from this species in its corolla colour, calyx indumentum, and leaf dimensions. Thus, the morphology of the 
specimens from Bungonia do not match any previously described Prostanthera, and they are here described 
as a new species, P conniana T.C.Wilson. Distribution of this species is described using terminology from the 
National Interim Biogeographic Regionalisation for Australia system (IBRA7), as well as the Southern Tablelands 

botanical division of New South Wales (Anderson 1961; Jacobs and Pickard 1981). 

Taxonomy 

Prostanthera conniana T.C.Wilson, sp. nov. 

Diagnosis: Prostanthera conniana differs from P. ovalifolia R.Br. by its compact inflorescences (racemose in 
P. ovalifolia), hairy calyx (calyx glabrous or glabrescent in P. ovalifolia), abaxial corolla lobe longer than corolla 
tube (abaxial lobe as long as corolla tube in P. ovalifolia), and anther appendages greatly exceeding the length 
of the anther locule (appendage shorter than the locule in P. ovalifolia). 

Type: Australia: New South Wales: Southern Tablelands: Bungonia State Conservation Area: Along Shoalhaven 
River south of Blue Track, T.C. Wilson 632, L. Elkan, M.J. Henwood, M.A.M. Renner, C. Wardrop, 31 Oct 2015 
(holotype: NSW987132 isotype: BRI, CANB, MEL). 

Open, erect, woody shrub to 3.5 m tall, crown c. 2-4 m diam.; stem to 40 cm diam.; Branchlets quadrangular 
with ridges connecting to base of petiole, yellowish green when young, greenish red when mature, sparsely 

hairy (8-17 hairs/mm2), moderately covered with sessile glands (10-40 glands/mm2); hairs restricted to two 
narrow zones on opposite sides of a branchlet, simple, straight to curled, spreading, 0.1-0.5 mm long, white; 
glands hemispherical, small, c. 0.1 mm diam; bark grey-brown on older branches and furrowing 10 mm wide 
and 10 mm deep. Leaves with petiole 1.5-3.5 mm long; lamina narrowly ovate to narrowly oblong, 16-24 mm 
long, 3.5-6.5 mm wide, partially folded lengthwise along the mid-vein towards the adaxial surface, discolorous; 
base shortly attenuate; margin flat to partially incurved and entire; apex rounded to obtuse; moderately 
glandular on both surfaces with glands hemispherical (c. 0.1 mm diam.); abaxial surface yellowish green, with 

mid-vein raised and rounded, lateral veins indistinct; adaxial surface green, with mid-vein yellowish green 
and situated in narrow furrow proximally, other veins indistinct. Inflorescence a frondobracteose botryoidal 
superconflorescence; conflorescences bracteose botryoidal with one pair of leaves basally, 4-8-flowered; 
uniflorescences monadic; pherophylls ovate 1.8-2.7 mm long, 0.7-1.3 mm wide, abaxial surface hairy (40 
hairs/mm2), hairs 0.3-0.5 mm long, caducous, adaxial surface glabrous. Podium 1.8-2.7 mm long, densely hairy 
(80 hairs/mm2), yellowish green, propodium to anthopodium ratio 0.5-1. Prophylls caducous, inserted slightly 
to distinctly sub-opposite, linear, 1 mm long, 0.1 mm wide, sparsely hairy, with white hairs spreading. Calyx 
green sometimes with maroon tinge on margin or adaxial lobe; outer surface hairy (50 hairs/mm2), hairs white, 

0.2-0.5 mm long; inner surface glabrous; tube 2.5-3 mm long; lobes with margin entire; abaxial lobe broadly 
ovate, (2.4-)2.8-3.1 mm long, 3(-4) mm wide, apex rounded; adaxial lobe broadly ovate, 1.7-2.4 mm long, 
3.7-3.9(-4.8) mm wide, apex rounded. Corolla 11-16 mm long, white or sometimes with pale-mauve tinge on 
distal parts of lobes and bright yellow irregular-shaped marking on throat, outer surface sparsely hairy (c. 10 
hairs/mm2); tube 5.5-7 mm long, inner surface sparsely hairy (c. 10 hairs/mm2); hairs white, spreading, straight, 
0.4-0.5 mm long; lobes with outer surface sparsely hairy (c. 10 hairs/mm2), inner surface glabrous, margin 

distally undulate and irregular; abaxial median lobe broadly spathulate, 7.5-8.5 mm long, base c. 3.3 mm wide, 
6-7 mm wide near apex, apex rounded, retuse to emarginate (sinus 0.6-1 mm long, 0.6-1.2 mm wide distally); 
lateral lobes narrowly oblong, 7-8 mm long, 1.5-3 mm wide, apex depressed ovate; adaxial median lobe pair 
very broadly ovate, (3-)5-6 mm long, (4.5-)7.5 mm wide, emarginate, apex on either side of sinus rounded, 
sinus 1.4-1.8 mm long. Stamens white, flushed with a rose colour at anther apex, inserted (2.4-)3.6 mm above 
corolla base, anther appendages terminating in 4 narrowly triangular hairs up to 0.2 mm long; abaxial stamens 
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with filament 3.5-4(-4.8) mm long; anther locules 1-1.4 mm long and 0.9-1.6 mm wide; connective extended 
to form a basal appendage (1.4-)1.9-2.2 mm long; adaxial stamens with filament 2.7-3 mm long; anther 
locules 0.9-1.1 mm long and 1-1.3 mm wide; connective extended to form a basal appendage 1.6-2 mm 
long. Pistil (6.6-)7.4-7.9 mm long; ovary c. 0.6 mm long, c. 0.5 mm wide; abaxial stigmatic lobe longer (c. 
0.1 mm) than adaxial lobe. Fruiting calyx similar to flowering calyx, brown; tube 2.3-3 A mm long; abaxial lobe 
2.4-2.8 mm long, 3.7-3.9 mm wide; adaxial lobe c. 2.4 mm long, 4.1-4.4 mm wide. Mericarps c. 1.9 mm long, 
O. 8-1.3 mm wide, papillose, distally extended 0.6-0.8 mm beyond base of style. Figs 1-3. 

Other specimens examined: AUSTRALIA: NEW SOUTH WALES: Southern Tablelands: Bungonia State 
Conservation Area, AN. Rodd 6109,29 Nov 1987 (NSW198522); /. Miles ST07-40,17 Oct 2007 (NSW887040); 
T.C. Wilson 634, L. Elkan, M.J. Henwood, M.A.M. Renner, C. Wardrop, 31 Oct 2015 (NSW987135); 640,31 Oct 
2015 (NSW987141). 

Recognition: The combination of crowded flowers and hairy inflorescences of P. conniana is unusual in 
Prostanthera; however, this species might easily be confused with P. cruciflora, P. ovalifolia and P. prunelloides 
on account of having dense clusters of flowers or having narrow-ovate leaves (Table 1). The leaves of 
P. cruciflora have a lamina length to width ratio of <2, whereas the leaves of P. conniana have a ratio of >2; and 
when in flower, P cruciflora can be separated from P conniana by the lack of anther appendages. Prostanthera 
prunelloides has very broadly ovate leaves and lacks hairs on its calyx, whereas P. conniana has narrowly ovate 
leaves and the indumentum of the outer surface of the calyx consists of long hairs. Prostanthera ovalifolia has 
reduced anther appendages (sometimes absent) and leaves often with margin dentate, whereas P. conniana has 
anther appendages longer than the pollen locule with leaves entire. Further information on similarities and 

differences between these species is summarised in Table 1. 

Table 1. Comparison of selected morphological characters useful for distinguishing between Prostanthera conniana and 
morphologically similar species. 

Morphological 
Characters 

P. conniana P. cruciflora P. ovalifolia P. prunelloides 

Stem indumentum restricted to decussate 

grooves 

restricted to margins of 

decussate grooves 

restricted to decussate 

grooves or covering 

entire stem 

restricted to decussate 

grooves 

Leaf margin entire entire entire or toothed shallow toothed, rarely 

entire 

Leaf lamina 17-28 mm long 6-20 mm long 15-30 mm long 16-65 mm long 

3-7 mm wide 3-10 mm wide 3-12 mm wide 9-40 mm wide 

Lamina length: width 

ratio 

>2 <2 >2 <2 

Inflorescence flowers in dense 

heads (botryoidal 

superconflorescence) 

flowers in dense 

heads (botryoidal 

superconflorescence) 

flowers in racemiform 

superconflorescence 

flowers in racemiform 

superconflorescence 

Calyx hairy glabrous glabrous to hairy glabrous 

Corolla white or pale mauve, 

sometimes with yellow 

marking in throat 

white with orange and 

yellow markings in 

throat 

purple, no markings pale mauve with orange 

markings in throat 

Anthers white with rose colour 

at apex 

white with magenta 

locules 

yellow or dark purple white with purple to 

purplish blue at apex 

Anther appendage: 

pollen locule ratio 

at least 1:1 appendage absent <1:4 or appendage 

absent 

at least 1:1 
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Fig. 1. Prostanthera conniana. a. habit; b. inflorescence; c. anther, (abaxial) dorsal view; d. anther, oblique abaxial view; 

e. anther, (adaxial) ventral view; f. flower (female phase, front view) showing inner surface of corolla tube and lobes, 

stamens, style and stigma; g. pistil, profile view; h. dissected corolla (male phase) showing position of stamens; i. flower 

(female phase, lateral view), showing calyx, corolla and anthers; j. corolla throat (male phase, front view), showing relative 

position of stamens and style; k. leaf, adaxial view; 1. detail of abaxial leaf lamina surface, showing hemispherical glands; 

m. detail of adaxial leaf lamina surface, showing hemispherical glands. Scale bar: a = 54.5 mm; b = 37.5 mm; c-e, 1, m = 3 mm; 

f, i = 15 mm; g, h = 10 mm; j = 6 mm; k = 24 mm. Illustration: L. Elkan and C. Wardrop. 
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Fig. 2. Prostanthera conniana. a, growing in low shrubland along steep slopes, in scree and soils derived from shale and 

limestone; b, vegetative branchlet showing decussate phylotactic pattern and open habit; c, young shoot suckering from 

the main branch that has developed furrowed bark; d, flowering branchlet showing open habit and compact inflorescences. 

Photographs: M.J. Henwood (a) and T.C. Wilson (b-d) 
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Fig. 3. Prostanthera conniana. a, compact inflorescence showing buds and open flowers (female phase); b, front view of 

dichogamous flower (male phase) showing inner surface and markings of corolla throat and lobes, anther locules, and 

position of anther appendages; c, oblique view of a dichogamous flower (female phase) showing inner surface and lobes 

without markings, incurved style, laterally repositioned stamens, and a floral visitor (pintail beetle: Mordelidae); d, calyx 

enclosing developing mericarps (not shown) with style and stigma extending through the calyx lobes. Scale bar = 2.5 mm 

Photographs: L. Elkan (a) and T.C. Wilson (b-d). 

Notes: The hermaphroditic flowers of P. conniana are protandrous (Wilson et al. manuscript in prep.). During 
early anthesis (male phase), the fertile anthers are positioned next to the inner adaxial surface of the corolla 
(Figs lj, h; 3b). The female phase begins when the style becomes incurved, the stigma lobes part and become 
receptive, and the stamens begin senescing as they reposition laterally to the side of the inner surface of the 
corolla (Figs If; 3c). 

The pollinators of P. conniana are poorly known. We have observed visits to P. conniana by syrphids and other 
small species of Diptera, Lepidoptera, and small Coleoptera (Fig. 3c); however, it is likely that only syrphid flies 
are able to contact anthers and transfer pollen. The floral morphology and corolla markings are consistent with 
flowers of other Prostanthera that have been observed by us to be pollinated by small bees and flies similar to 
the size of syrphids. 

Etymology: The specific epithet‘conniana honours Dr Barry J Conn and Helen M Conn. Since Barry’s 
studies of Prostanthera for the degree of Doctor of Philosophy (University of Adelaide, 1979-1982), he has 
described many species and has accrued an extensive knowledge of this genus. The name commemorates his 
ongoing contribution to this field, and also acknowledges the support of his wife Helen, who has always been 
a significant component of his successful career. 

Barry has worked in systematics and botany for over 40 years, focusing on Lamiales, Loganiaceae, Urticaceae, 
Droseraceae, Oxalidaceae, and publishing over 200 papers. Barry has dedicated a significant portion of his 
botanical career to the Flora of Papua New Guinea. He began his botanical career posted at the Lae Herbarium, 
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Division of Botany, Office of Forests, Lae, Papua New Guinea (1974), which was followed by an appointment 
as herbarium curator and lecturer at the Papua New Guinea Forestry College, Bulolo (1976-1979). He initiated 
the PNGtrees project, a collaborative project with the Papua New Guinea National Herbarium (LAE), he 
has managed extensive fieldwork throughout Papua New Guinea, and continues to be Scientific Advisor to 
the Food and Agriculture Organisation & Mountain Partnership Project Biodiversity PNG National Forest 
Inventory In Australia, he was a senior botanist at the National Herbarium of Victoria, Royal Botanic Gardens, 
South Yarra, Victoria (1982-1987), and botanist (later Principal Research Scientist) at the National Herbarium 
of New South Wales (1987-2015). He was appointed as the Australian Botanical Liaison Officer (1994-1995) 
at the Royal Botanic Gardens, Kew, UK. While at NSW, he managed the Plant Diversity Branch (2000-2004), 
pioneered the PlantNET botanical information system, assisted with the development and implementation of 
the NSW Collections (EMu) database system, managed the Australia’s Virtual Herbarium Project at NSW, and 
has recently been the Scientific Editor of Telopea (2013-2015). 

Distribution: Prostanthera conniana is known only from four sites over an area of 5 km2 within the Shoalhaven 
Gorge of Bungonia State Conservation Area, New South Wales, Australia (Fig. 4). This area is within the South 
Eastern Highlands Biogeographic Region according to the national Interim Biogeographic Regionalisation for 
Australia system (IBRA7), as well as the Southern Tablelands botanical division of New South Wales (Anderson 
1961; Jacobs and Pickard 1981). 

Habitat: Steep slopes, toe/out-wash slopes, and riparian areas in skeletal soils and scree derived from late 
Ordovician Tallong sedimentary beds (shale, chert, arenite), at elevations between 130 and 350 m (Fig. 2a). 
Vegetation consists of low, open scrub dominated by Acacia binervia (J.C.Wendl.) J.F.Macbr. or open mixed 
eucalyptus woodland with Backhousia myrtifolia Hook. & Harv., Plectranthus sp., Callistemon sp., Calytrix 
tetragona Labill., Teucrium corymbosum R.Br., Bulbine glauca (Raf.) E.M.Watson, Cassinia sp., Prostanthera 
lasianthos Labill., Euchiton japonicus (Thunb.) Holub, and emergent Casuarina cunninghamiana (to 10 m tall) 
and Eucalyptus tereticornis Sm. (to 20 m tall). 

Conservation status: This species is known only from a 5 km2 area. Based on our recent observations, 
two populations are in less accessible locations and are estimated to contain about 100 individuals; a third 
population consisted of three individuals, and is the only population where recruitment was observed. 
Although its distribution and population size have not been assessed extensively, we conclude that the 
conservation status of P. conniana should be regarded as data deficient as defined by the IUCN criteria (IUCN 
2015), and accordingly, no advice can be suggested for a listing under the New South Wales Threatened Species 
Conservation Act (1995) until further demographic studies and surveys of suitable habitat are completed. 
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Key to species 

A section of the key to the New South Wales species of Prostanthera (Conn and Wilson 2015) is here amended 
to incorporate P. conniana. 

6 Anther appendages as long as anther locule.6a 

6* Anther appendages absent or less than half the anther locule length.7 

6a Leaf lamina >8 mm wide, length to width ratio <2; leaf margin usually with widely spaced, shallow teeth; 
flowers clustered in racemiform conflorescences; calyx glabrous.P. prunelloides 

6a* Leaf lamina <7 mm wide, length to width ratio >2; leaf margin entire; flowers clustered in dense head¬ 
like bracteose botryoidal conflorescences; calyx hairy. P. conniana 
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Corrigenda - Telopea 18: 451-453 

Yvonne Menadue and R.K. Crowden. 

Change of status for Epacris microphylla R.Br. var. rhombifolia LR.Fraser & Vickery 

(Ericaceae: Epacridoideae) 

Page 451: should read as follows. 

Abstract 

A change of status is proposed for Epacris microphylla R.Br. var. rhombifolia L.R.Fraser & Vickery. The new 
combination Epacris rhombifolia (L.R.Fraser & Vickery) Menadue is made and new descriptions are provided 
for E. rhombifolia and E. microphylla sens, strict. 

Taxonomy 

Epacris rhombifolia (L.R.Fraser & Vickery) Menadue, comb, et stat. nov. 

Epacris microphylla R.Br. var. rhombifolia L.R.Fraser & Vickery, Proc. Linn. Soc. N.S.W. 62: 290,1937. 

Type citation: “Barrington Tops: 4,500 feet (L. Fraser and J. Vickery, 7/1/1934, Type)” 

Type: New South Wales: Northern Tablelands: Barrington Tops, 4,500 ft, L.R. Fraser &J.W. Vickery s.n., 7 Jan 
1934 (holo: NSW591602) 
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